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a second look fish 
With more than 50-million hand held 
digital calculators already in the hands 
of consumers, and predicted sales of 
another 34-million units in 1975, it's 
easy to understand why the simple 
four-function machines that sold for 
nearly $100 only two or three years ago 
are now going for $25 or so — less at 
large discount outlets. The prices have 
been slashed on the more sophisticated 
scientific calculators, too, and with each 
new model that is introduced the price 
of the models it replaces falls still 
further. The Hewlett-Packard HP-35 
Electronic Slide Rule, for example, orig-
inally sold for $395, but when the more 
sophisticated HP-45 appeared the price 
was cut to $295. It has since dropped to 
$225 wi th some discount stores selling 
it for even less. Similar price cuts (or 
larger) have been posted by practically 
all the manufacturers. 

New integrated circuits which were 
on the drawing boards at major semi-
conductor manufacturers in October 
and November, 1974, promise a whole 
new generation of scientific calculators 
will be available within the next few 
months. Price and performance break-
throughs in this fast-moving industry 
have generally lagged the development 
of new calculator chips by only three or 
four months, and since several new 
circuits are scheduled to appear this 
month or next, you can expect to see 
newer, smarter electronic slide rules on 
the market by early summer. Many of 
their features are still closely guarded 
secrets, but look for basic scientific 
calculators capable of evaluating expres-
sions that include transcendental func-
tions and one or more levels of paren-

thesis for less — perhaps substantially 
less - than $100. 

Typical of the new calculator circuits 
is the two- or three-chip Senior Scientist 
set introduced by MOS Technology in 
late 1974 which makes it possible to 
b u i l d a more p o w e r f u l non-
programmable hand-held calculator than 
any now available. Recently this f irm 
also introduced single-chip, 28-pin scien-
tific calculator arrays which offer full 
scientific functions, algebraic entry, two 
parenthesis levels and full feature mem-
ory. Another of the new calculator 
chips is the Rockwell Microelectronics 
4802, which will go into ful l production 
this month and will be priced at under 
$20. It offers, among other things, 
degree-radian conversion and factorials. 

Programmability, which is now avail-
able only in relatively expensive calcu-
lators such as the Hewlett-Packard 
HP-65 ($795) and the Monroe/ 
Compucorp Beta 326 ($695) should be 
available in other pocket-sized calcula-
tors in the $200 to $300 price range 
sometime later this year. However, 
don't expect these machines to have the 
sophisticated magnetic card reader fea-
tured in the HP-65 — they wil l probably 
require that you key in the program 
each time you wish to use it. Future 
models will probably overcome that 
small detail, and will probably offer 
interface with a variety of peripheral 
devices such as printers as well, but wi th 
the powerful, multi-function calculators 
that are available now at reasonable 
prices, can you afford to wait? 

Jim Fisk, W1DTY 
editor-in-chief 
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OSCAR 7 LAUNCH WAS PERFECT, and it ended up where it was supposed to be when 
it was supposed to be there. Both telemetry beacons are working perfectly, and 
the only hitch is a marked lack of sensitivity in the 2- to LO-tneter translator. 
The 432-MHz to 2-meter translator, on the other hand, is working much better than 
expected — predictions were that 350 W effective radiated power would be required 
for a consistent signal through it, and it's doing so well that a maximum of 80 W 
ERP is being requested! 

A Number of European Stations have been copied in the midwest coming through 
the translator from 432, and despite a somewhat narrower than expected bandwidth 
(about 80 kHz) the efficiency is quite high. The two-meter beacon is somewhat 
lower in frequency than expected — despite uncertainties from doppler shift, it 
appears to be about 145.972 instead of 145.980 MHz. 

The Two-To-Ten Meter Translator is a disappointment, so far. It takes a lot 
more signal to get into than Oscar 6, and very deep fades are frequent during its 
passes. The beacon is very strong, and bandwidth is considerably greater than 
the planned 100 kHz (signals as high as 29520 kHz have been copied thru it). 

Complete Computed Orbital Data for Oscars 6 and 7 will be available monthly as 
an added slip-in sheet to HR Report. Copies of these predictions will be provided 
to interested readers upon receipt of an SASE (one SASE for each month). 

AMATEURS RESPONSIBLE FOR "CODED" TRANSMISSIONS should have certain information 
on file with local FCC offices, according to recently released FCC policy letter. 
This includes coded control signals for repeaters or telemetry data from a re-
motely controlled amateur station, for example. The required information must be 
filed with the Engineer-In-Charge of the FCC district from which the coded trans-
missions will be made. Compliance of the operators involved is requested at the 
"earliest possible convenience." 

CURRENT FCC AMATEUR DOCKETS have as yet received no formal attention from the 
commissioners. Each docket requires a good deal of staff work prior to considera-
tion in the form of evaluating the comments and reply comments and incorporating 
them into a proposed action. It looks like the first amateur docket to be put 
before the commissioners will be 20001, Commemorative Callsigns. Somewhat later 
will be 20092, Permitting Extra Class licensees to request specific callsigns. 
But then again, both could be held up along with 19658, License fees. Not only 
are various pending dockets inter-related, but the possible effects of "restruc-
turing" must also be considered. 

RECENT HOT 10-METER CONDITIONS have pointed up the value of beacons as propa-
gation indicators. Gary Hendrickson, W3DTN, has been talking up establishment of 
two-meter beacons on some "little-used" FM simplex channels — but finding such a 
channel nationally would be an almost impossible task. 

Consider Adopting a "split-split" channel for this purpose, for example 
146.655 or 146.625 MHz. Stock crystals could be pulled on-frequericy in most re-
ceiver circuits, and with a very narrow deviation MCW ID every two or three 
minutes, little if any problem would be felt by nearby simplex activity. 

Repeater Council and Frequency Coordinator Reactions to the idea are solicited; 
some very interesting and potentially valuable information could result from a 
comprehensive beacon net. 

BEHIND-BARS HAM RADIO POSSIBLE, according to a reply by A. Prose Walker to a 
question posed by Mid-Oklahoma Repeater Inc. (MORI) officer. Idea behind the 
question was that amateur radio could be a powerful rehabilitation tool, both in 
prisons and in "halfway house" environments. Position of FCC is that conviction 
for a crime — particularly if radio was not involved — should not bar one from 
holding a license. 

VLF BUFFS HAVE AN SWL GROUP — Long Wave Club of America — with much useful 
info for ham VLF experimenters. Club has a free monthly newsletter, Lowdown, and 
club President John Clements also offers a useful list of over 2500 VLF stations 
for sale at $2.00, postpaid. Contact John Clements, LWCA, 11425 Albers Street 
#5, North Hollywood, California 91601. 
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random access 
memory 

RTTY message generator 

Construction of a 

solid-state memory 

that replaces the 

tape distributor 

and reperforator 

used in amateur 

RTTY stations 

This R T T Y accessory uses Random-
Access Memory (RAM) ICs in an easy-to-
build, compact package that replaces 
both the tape reperforator and trans-
mitting distributor for station call-ups, 
CQs or special applications such as R Y 
generation. It is considerably easier to 
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program than other devices. The message 
(data) is entered into four RAM chips 
using the station teleprinter keyboard — 
it can be recalled instantly at the touch of 
a button. 

Operation is noiseless and there is, of 
course, no tape to handle. The memory 
will record (write) from a TD, off the air 
or the keyboard of any five-level tele-
printer such as the model 15 or 28. As an 
R Y generator, line feeds and carriage 
returns may be added to prevent end-of-
line pile up, a convenience the usual R Y 
generator lacks. Although this R T T Y 
memory is designed to be used with ST-5 
or ST-6 demodulators,1 flexible input 
and output circuits permit use with other 
demodulators or simple teletype loops. 

Random access memories using mos 
technology are available in surplus at 
quite reasonable prices. While other chips 
are available with large capacity 
memories, the 1101, a 256-bit chip, is 
selling at $2.56 at time of writing, or one 
cent a bit. The effective memory capacity 
of 1024 bits is obtained by ORing four 
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chips together and sequentially entering 
and retrieving the RTTY signal. The 
output is a regenerated, low-distortion 
signal, and playback proceeds smoothly 
as operation transfers from chip to chip. 

operating principles 
Each RTTY character at 60 wpm is 

composed of a 22-millisecond start pulse, 
five 22-ms coding pulses which determine 
the character, and a 31-ms stop pulse. 
These seven pulses are converted to TTL 
logic levels and serially entered into the 
RAMs at bit locations in the memories 
determined by the binary status of eight 

write mode and cause the memories to 
read out an accurately-timed 60-wpm 
signal during read. 

It is easy to generate the 22-ms inter-
vals, but the odd 31-ms pulse poses a 
small problem. One solution is to 
generate the stop pulse as two 22-ms 
pulses. This will work, but the playback is 
slower than standard speed and there are 
now eight instead of seven bits to make 
up each character, reducing the total 
memory capacity. Also, it would not be 
possible to record a properly operating 
TD because the memory could not keep 
up with it. 

Layout of the R T T Y memory showing printed-circuit board and Minibox chassis. Relay and 
power-supply filter capacitors are mounted on piece of perforated board to the right. 

address lines. Data transfer is accomplish-
ed by a positive write pulse at the center 
of each 22-ms interval. Since a short time 
is specified2-3 before the write pulse is 
applied after memory address, and be-
cause of marking and spacing bias present 
in many signals,4 a short write pulse 
positioned at the center of each bit is 
most immune to these sources of distor-
tion and provides best results. 

Most of the ICs in the circuit are used 
to generate timing pulses and waveforms 
which coincide in time with the input 
signal from the keyboard during the 

I decided to generate the required 
31-ms stop pulse by writing the 11-ms 
into the memory with the clock, then 
generate an additional 20-ms stop pulse 
with a one-shot multivibrator to stop the 
clock oscillator. For a character seven bits 
long, each 256-bit memory chip has a 
capacity of 36-4/7 characters. For 
example, a message that exceeds the 
capacity of the first memory transfers 
into the second memory at the 37th 
character by writing the start pulse and 
the first three coding bits in the first chip, 
and the last two coding bits and stop 
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fig. 1. Schematic diagram for the 
1024-bit R T T Y memory which 
uses random access memory 
( R A M ) ICS. Additional memory 
may be added as discussed in the 
test. Note that not all the 
connections between 7447 ICs 
and the Numitron readouts are 
shown here; full details are shown 
on PC layout in fig. 7. Since the 
low-current panel lamps (40 m A 
at 6 volts or less) may be difficult 
to obtain, each of the lamp 
circuits may be replaced by the 
alternate L E D circuit. 
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pulse on the second chip. Additional 
circuits are provided to control the func-
tions of read, write, stop, start and 
repeat. A three-digit character counter 
indicates the exact position of the 
memory in use. 

circuits 
A 741 operational amplifier is used in 

a versatile input circuit which can be used 
with positive/negative or positive-only 
keying voltages. This device has high gain 
and tolerates unbalanced supply voltages 
well. The differential input of the 741 
amplifies the difference between the volt-
ages on pins 4 and 5. The main require-
ment is that the input voltage swing 
should not exceed the supply voltage in 
either direction — the 100k resistor should 
be changed as necessary to comply with 
this requirement. 

The input connections to pins 4 and 5 
should be made so that the output of U1 
(pin 10) pulls U2 (pin 1) to logic zero 
during mark, and logic 1 on space. The 
FSK keying voltage of the ST-5/6 swings 
both positive and negative (referenced to 
ground). Therefore, if the input is connect-
ed to U1 (pin 5) and U1 (pin 4) is ground-
ed, proper drive results at the TTL gate. 

Fig. 2A shows pin 4 of U1 biased 
above ground so positive-only keying 
voltage will result in a negative output at 
U1 (pin 10) during mark-hold. An FSK 
voltage that is positive during mark-hold 
should be connected to the inverting 
input of U1 (pin 4) through a voltage 
divider. TTL nand gates have built-in 
diodes to limit voltage reversals at the 
input, and the resistor limits the diode 
current. 

The RTTY signal is translated to TTL 
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logic levels at U2 (pin 12). The next 
section of U2 acts as a gate to prevent 
incoming signals from affecting the clock 
when in the read mode. When recording 
into the memory, both U2 (pin 9) and U2 
(pin 4) are high and the incoming start 
pulse from the keyboard goes to logic 
zero at U2 (pin 6), setting the R/S 
flip-flop U3. U3 (pin 6} goes to logic 1, 
the RTL clock multivibrator U4 imme-
diately starts oscillation at 91 Hz and U5 
divides this to a 22-ms square wave which 
drives the address counters U19 and U20 
through U6 (pin 8). 

The negative-going center of the 
symmetrical square wave at U5 (pin 12) is 
used to generate a positive pulse at U13 
(pin 11). The other section of U6 gener-
ates a negative-going pulse (at U6, pin 6) 
when U6, pins 1, 2, 4 and 5 are all high at 
the same time. This occurs eleven milli-
seconds into the seventh bit, i.e., the stop 
pulse. This pulse then triggers U14 (pin 

S T 3 / 4 
FSK VOLTAGE O—WV 

ttFttCf POSITIVE! 22k 

INTERNAL DIODE IN 
TTL NMD GATE 
IS mA MAXIMUM 

OF MEMORY 

TO STATION 
o — w f l PRINTER 
a LU KEYBOARD 

AND LOOP 

TO GROUND 
OR KEYING 
TRANSISTOR 
IN TERMINAL 
UNIT 

_ TO INPUT 
VOF MEMORY 

TO NORMAL FSK 
KEYING CIRCUIT 
AS USED IN ST-6 

f ig . 2. C i rcu i t in ( A ) shows h o w o p a m p inpu t 
c i rcu i t can be changed f o r pos i t i ve-on ly key ing 
voltage such as the ST-3 or ST-4. Pr in ted-c i rcu i t 
connect ions to pins 4 and 5 of the 741 are 
designed so they can be j u m p e r e d f o r the 
desired inpu t con f igu ra t ion . C i rcu i t in (B) 
shows h o w R T T Y m e m o r y can be connected t o 
ST-6 te rmina l un i t , or a c i rcu i t bu i l t f o r local 
loop opera t ion . T h e i n p u t to the m e m o r y does 
not load the ST-S and af fect the normal F S K 
connec t ion at the same po in t . 

f ig. 3. T h e t o p trace shows the single ou tpu t 
pulse at U14 , p in 6. The b o t t o m trace shows 
the c lock signal at U6, p in 8. H o r i z o n t a l scale is 
20 ms per d iv is ion ; vert ical scale is 2 vol ts per 
d iv is ion. 

4), the monostable miltivibrator, which 
stops the clock by generating a 20-ms 
pulse which resets U3. The scope traces 
(fig. 3) show the pulse-timing relationship 
between the clock, write pulses and the 
output of U14. 

U13 also generates a positive pulse 
train during the write mode only (fig. 4). 
U19 and U20 generate the binary address 
voltages for the RAMs which are applied 
to all four memorys. The RAMs are 
three-state devices that have a logic, zero, 
logic one and a third inactive state which 
is maintained as long as there is a logic 1 
on the chip select line, pin 16. As each 
RAM is addressed at all 256 locations, the 
voltage on U20 (pin 11) falls, advancing 
ICs U21 and U22 ahead to select the next 
memory chip, or activate the End of 
Message (EOM) circuit. 

The EOM pulse stops playback or 
recording, resets the character counter to 
000, resets all address counters, and 
triggers U14. Pulse lengths from U14 are 
determined by the status of the start/stop 
latch, and U17 (pin 11) is normally high 
during operation so U14 generates the 
20-ms pulse. However, U16 (pin 6) goes 
high when playback stops and a long stop 
pulse is generated because the 33k resis-
tor now sets the timing. This allows 
partially entered characters at EOM to 
clear the page printer before the new 
readout and another start pulse. 
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fig. 4. Narrow pulses on upper trace are output 
at U13, pin t l , during read and write (same 
output at U13 , pin 6, during write only). 
Bottom trace shows clock signal at U6, pin 8. 
Horizontal scale is 20 ms per division; vertical 
scale is 2 volts per division. 

At EOM the sequence is as follows: 
generation of a long stop pulse at U14, 
momentarily readout stop, then the start 
latch is re-triggered by the trailing edge of 
the pulse from U14 (pin 6). During read 
the clock is gated by the output of U14, 
gate U27 is enabled, and the data output 
operates the high-speed keying relay. Dur-
ing write, U27 is placed in mark-hold, 
keeping the loop closed. 

The TTL logic and Numitrons are oper -
ated from the same 5-volt power supply 
(fig. 5). The readout voltage is reduced by 
using the fixed voltage drop across a 
silicon diode since the full 5 volts is not 
needed. The LM309K regulator should be 
mounted on a heatsink with a small 
amount of silicon grease applied to help 
heat transfer. Measure the supply voltage 
under load and reject the regulator if it 
does not supply 4.8 to 5.2 volts. It 
appears that some devices sold as LM309Ks 
wil l not meet this test. 

Two negative supplies are shown for 
the mos devices because the Intel 1101 
RAMs I used arrived with a spec sheet 
showing - 7 volts V d d , and - 10 volts for 
V d . The Texas Instruments TMS 1101NC 
is similar but requires - 1 0 volts on both 
pins 4 and 8, and the Signetics 2501 calls 
for 9 volts. Since you may have differ-
ent devices available, it is a simple matter 
to change the power-supply voltage by 
installing a different zener diode. 

In the process of testing this unit, 
memory ICs were obtained from different 
supply houses. Many were unmarked, 
others had different numbers on them. 
Results of tests showed most devices 
operated better with a single negative 
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of programming due to momentary power loss. 

supply voltage of from 1 to - 1 0 volts 
for both V d and V d d . It also indicated 
the advisability of using IC sockets for 
U23, U24, U25 and U26 (installed after 
the photographs were taken). 

The power-supply filters and keying 
relay are mounted on perforated circuit 
board. The relay used in this model is a 
CP Clare HGSM 1023, a high-speed, 
mercury-wetted, bistable, single-coil re-
lay. It has a low power requirement and 
operates by reversing the current through 
the coil. If this relay cannot be obtained, 
the Clare HGS 5006 or P&B JMF 5080 
appear to be suitable substitutes. U27 
could also drive a high-voltage transistor 
such as the HEP244 to key a loop 
directly or to operate a higher voltage, 
fast acting, mercury-wetted relay. 

The device requires so little power that 
it is practical to leave it on continuously 
and retain, indefinitely, anything pro-
grammed into the memory. Fig. 6 shows 
how two small storage batteries wil l make 
the RAMs immune to momentary loss of 
power. The resistors are selected to keep 
the batteries on trickle charge. When ac 
power fails the diodes bypass the resistor 
and immediately assume the load. 

construction 
Most of the construction work is already 

*A plated, undrilled, epoxy-glass printed-circuit 
board with enlarged assembly photograph is 
available from the author for $10, postpaid in 
the United States and Canada. 

done for you if you purchase the circuit 
board,* A layout is given in fig. 7 for 
those readers interested in making their 
own etched boards.5 A photo shows 
jumpers required but does not show those 
located under U7, U8, or U9 - check 
before installing the ICs. Parts values and 
all IC numbers are screened on the 
51/2x8-inch (14x20.3-cm) circuit board 
where space wil l permit. The assembled 
board is mounted on spacers in a 
12x7x4-inch (30.5x17.8x10.2-cm) Mini-
box. The end-of-message switch, push-
buttons and toggle switches are small 
imports available from Lafayette or 
similar sources. Panel lamps should be 
low current, 40 mA or less at 6 volts, to 
stay within the rating of the 7406. 

The installation of the mos RAMs 
should be saved for last since, like mos-
fets, they can be damaged by static 
voltages.6 One manufacturer recommends 

fig. 7. PC layout (shown half size) for the 
R T T Y memory is designed for DIP-packaged 
ICs. Numitron readouts plug into CJSPCB1 
sockets which are soldered to the circuit board. 
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grounding the soldering iron and advises 
against bending leads close to the IC 
package. The possibility of damage is 
reduced considerably if sockets are used 
and all power-supply voltages checked 
before connecting the board. 

checkout 
When the unit is turned on, the read or 

write pushbuttons should set the charac-
ter readout to 000, and the teletype 
machine should not run open since U27 
(pin 12) should be at logic one, or 
mark-hold. It may be necessary to re-
verse the coil leads of the relay. Start the 
memory in the read mode and set the 
period of the square wave at U19 (pin 14) 
to 22 milliseconds and confirm that the 
stop pulse at U14 (pin 6) is 20-ms long. 
The character counter should be operat-
ing and the printer will print garble, if 
turned on. 

Component layout of the printed-circuit board. 
Most capacitors are low-voltage tantalum units. 
Numitron readout tubes are plugged into sock-
ets. Printed-circuit layout is shown in fig. 7. 

With the input of the memory connec-
ted to a suitable FSK or keyboard 
output, type a short test into the unit and 
test the playback. The character counter 
should follow both the entry of the test 
into the memory on write, and the 
playback. If all is well, perfect playback 
will result. However, it's likely that there 
will be some small problems. 

It is important that the clock be 
operating at the right speed. If the device 
prints a few errors, this should be 
checked. Note where consistent errors 
occur in the print, if at the same position. 
This may be caused by a defective 
memory chip. It is not unusual for a 
low-priced surplus memory to have two 
or three defective cells out of the possible 
256. These will cause substitution of a 
different letter from the one entered in 
the write mode. A five-level coding chart 
can be used to determine what is happen-
ing, for those interested. A faster and 
more practical solution is to plug in a 
spare memory chip. Also, don't overlook 
the possibility of a defective input signal 
from a noisy printer keyboard. 

general 
Construction cost should be about 

$80. This can be reduced, at some loss in 
operating convenience, by omitting the 
character counter. The memory capacity 
can be more than doubled by adding five 
more RAM chips on an external board, 
running parallel address lines, and using the 
spare outputs of U22 for chip select lines. 
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low-cost 
printed-circuit boards 

A simple technique 

for building 

low-cost 

printed-circuit boards 

for your homebrew 

amateur equipment 

Many older amateurs arid a surprising 
number of beginners are reluctant to t ry 
building their own printed-circuit boards. 
Many feel that PC boards are too inflexi-
ble to permit circuit changes or the cost 
of materials and equipment is high. 
Others think PC board layouts require 
special knowledge, skills and equipment. 

Let's consider the first charge: Inflexi-
bility. If you make a complete receiver 
layout on one board it will certainly be 
inflexible! Look at fig. 1. That curious 
mess is actually a pretty hot 20-meter 
receiver. Notice that it consists of a 
number of small modules. Most impor-
tant, it wil l perform beautifully just as 
illustrated. In short, stop thinking in 
terms of wiring components together, and 
think about wiring complete stages to-
gether. 

With this technique you can build 
progressively, and need not invest in 
high-cost items such as crystal-lattice 
filters until you are satisfied that per-
formance is what you desire. Obviously, 
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this is a good way to avoid mistakes in 
planning chassis layouts. With a complete 
receiver running on the bench you will be 
able to envision layouts that will elimin-
ate the need for conventional chassis 
design. 

An example of this is shown in fig. 2. 
This ssb receiver was originally built as in 
fig. 1. Instead of buying an expensive 
enclosure, it was housed, as shown, in 
bent-up aluminum scrap with a steel 
wraparound. When I find a reliable and 
stable circuit and layout, I usually etch a 
number of boards " for stock." This re-
sults in terrific time savings later. For 
example, I wanted to experiment with a 
variation of the KY crystal filter which is 
popular in Europe but had no receiver to 
match the available crystals. With all but 
one board in stock it took only two eve-
nings to build the receiver shown in fig. 1. 

With this building technique, if you 
don't need the receiver, or tire of it and 
want to make something more sophisti-
cated, your loss is zero. Simply dis-
connect the boards and put them away, 
intact, for the next project. Another 
advantage is this: Many circuit boards can 
be designed as multipurpose boards. Cer-
tain transistors and ICs, for example, can 
be arranged as rf and i-f amplifiers, 
mixers, product detectors or audio ampli-
fiers. As will be shown later, the circuit 
board can also be devised to accommo-
date quite a variety of circuit variations 
and component selections. 

Is the cost really high? The best 
circuit-board material is the relatively 
expensive G-10 fiberglass-epoxy material. 
This runs about $2.00 per square foot 
<929 square cm) from surplus houses such 
as Jefftronics, Meshna and others. The 
"universal" circuit board which I use 
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(described later) requires 2.35 square 
inches (15.2 square cm) of material. With 
the G10 material at 1.4 cents per square 
inch (6.5 square cm) the universal board 
will cost 3.4 cents. At that price it hardly 
pays to economize by using the less 
expensive phenolic board. 

etching circuit boards 

The etching supplies and equipment 
you will need are shown in fig. 3. The 
two-pound coffee can houses a 40-watt 
light bulb. This is a heater for the 

prepared solution for your initial work. It 
will give you a feel for the proper mixture 
and proper etching action. Two widely 
available sources include Radio Shack and 
any dealer handling the popular GC (Gen-
eral Cement) line of radio and TV service 
products. 

The GC etchant is about the highest 
priced at six fluid ounces (177 cc) for 
$1.20, so let's use it as an example. That 
bottle will etch about 100 square inches 
(645 square cm) of copper. The universal 
board to be described requires only 0.85 

fig. 1. Twenty-meter receiver built with low-cost prlnted-circuit boards. Careful attention to circuit 
design provides high performance, even in this haywire condition (see text). 

etchant, and a stand to hold the plastic 
cereal bowl firmly while etching. Etch-
ants are.very corrosive, so a spill can be 
messy. The household cleanser is needed 
for scrubbing boards, and the masking 
tape is about the cheapest and most 
convenient resist available. The plastic 
funnel is used to pour the etchant back 
into its container. 

All of your etchant-handling equip-
ment should be plastic. If you have had 
little or no etching experience, buy a 

square inches (5.5 square cm) of the total 
2.35 square inches (15.2 square cm) to be 
etched away. This is typical. Including 
waste it comes to about one-third the 
total board area. Thus, the little bottle 
will actually handle about 300 square 
inches (1935 square cm) of board mate-
rial, or about 0.4 cent per square inch 
(6.45 square cm). The universal board 
will require about 1-cent to etch, making 
total board cost about 5 cents. This is 
pretty inexpensive for an entire stage. 
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Be sure to select ferric chloride for 
your etcharit. Ammonium persulphate is 
also available. It works well with photo-
resist techniques, but with our cheap 
masking-tape resist, it will do a ragged 
job, tending to etch under the masking 
tape. Ferric chloride will do a clean, neat 
job everytime — even with an old, loaded 
solution. 

board production is more a matter of 
common sense than specialized skills or 
knowledge. I usually start with a schem-
atic of a board, and try to include any 
expected variations to make the board fit 
different components and circuit varia-
tions. For the sample board I will use 
four circuits that are similar. All use a 
low-cost dual-gate, gate-protected mosfet. 

Two items not shown in the photo-
graph are the drills you will need, and a 
pad of cross-ruled paper or graph paper 
(available in most discount stores). The 
drills most needed are numbers 60 and 
54. If you are in an area where numbered 
drills are not available, you can use 
1/32-inch (0.8-mm) and 3/64-inch 
(1.2-mm) drills. If possible, use industrial 
quality drills. Cost is about a dime more, 
but the life of the drills is often twice or 
three times that of discount store grades. 
If you have a choice, use high speed steel 
instead of high carbon. Many of the 
imported drills are just case-hardened, 
cold-rolled steel, poorly formed, and a 
poor investment. 

The cross-ruled paper is a great help in 
making up layouts, and for maintaining a 
permanent record of your boards. From 
the foregoing it is obvious that the cost of 
materials and equipment is small. 

circuits 
As you will see, the layout work and 

These devices aren't as fussy as the older 
non-protected mosfets and can be handled 
as easily as conventional transistors. 

Fig. 4 shows the circuit for a mixer 
stage. This circuit is shown connected to 
a hot tank circuit where you must isolate 
the +12 volt supply from the gate. Where 
the tank circuit is at ground potential, C1 
and R1 are unnecessary. The output is 
tuned with a small compression trimmer 
capacitor. Two types of output coupling 
are also shown. For convenience I usually 
use miniature coax (RG-174/U) to bring 
the vfo signal to the mixer board. 

Notice that the +12 volt line is de-
coupled with R4, C5 and C6. This extra 
precaution results in greater stability, and 
is one of the things that provides stability 
in a haywire mess like that in fig. 1. 

The circuit of fig. 5 can be used as an 
rf or i-f stage. Due to the extremely high 
gate impedance, feedback can be trouble-
some when high-Q tuned circuits are 
used. An i-f amplifier usually depends on 
the first filter for its selectivity so you 
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can afford to swamp the input with a 
2200- or 2700-ohm resistor. This will 
make a completely stable system. 

The receiver in fig. 2 uses two of these 
stages. The first is swamped with the 
filter terminating resistor, the second 
stage with 2200 ohms — the two stages 
become very docile. As an rf amplifier the 
circuit will require careful shielding of 
input and output circuits. By reducing 
the value of C5 and adding a "gimmick" 
capacitor or small adjustable capacitance 
between the junction of C5, R4 and L2 
to gate 1 you can include neutralization 
with the same layout. Age or mvc can be 
included as shown. Limit this voltage to 
±4 volts on gate 2. Maximum gain re-
quires about +4 volts from gate 2 to the 
source. 

Fig. 5 includes another form of output 
circuit. The slug-tuned coil can be a TV 
i-f coil rewound for your frequency. For 
this service you must provide space to 
drill a 5/16-inch (8-mm) hole to mount 
the coil. If you don't need a low-
impedance output, capacitor C9 can be 
connected across the coil and C10 can be 
eliminated. 

Fig. 6 shows the circuit as a high-gain 
product detector. This circuit has good 
dynamic range and a microvolt input will 
deliver about a millivolt output. Notice 
that this circuit is identical to fig. 4 
except for the details of the output 
circuit. The output transformer is a regu-

fig. 3. Etching supplies and equipment you 
need for making your own low-cost prlnted-
circuit boards. 

lar Radio Shack item. The 500-ohm 
output is convenient if you go into a 
low-pass audio filter built from 88-mH 
toroids, as it provides a good impedance 
match. 

Notice the volume control hookup. If 
the volume control is located remotely it 
is not desirable to ground the low side of 
the control to the chassis at the remote 

C l 4 0 8 4 1 C4 

fig. 4. Mosfet mixer stage designed for printed-
circuit use. 

point. This can lead to ground loops. 
Instead, carry the ground to the control 
with the shield of the miniature coax, and 
from the control to the next stage on the 
shield of that same piece of coax. This 
ground loop problem is very easy to 
control in a modular setup like this. You 
can mount the boards on pieces of 
bakelite or plastic when necessary and 
have full control of the ground situation 
without any radical rebuild. 

Notice that the output is bypassed for 
both rf and audio (C5 and C10}. Also 
notice C9. This capacitor can roll off the 
high-frequency audio components. That 
little transformer is quite efficient out to 
70 kHz or more, and there is no need for 
response above about 2.5 kHz. In fact, if 
you use a 0.05-/iF capacitor at C9, you 
will have a definite peak around 1 kHz 
that is helpful for CW work, but still 
results in useable ssb performance. Again, 
the bfo voltage is brought in with RG-
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174/U coax. With a high-gain i-f strip, 
it may be helpful to locate the bfo well 
away from the strip - or shield it. 

The receiver in fig. 1 shows some i-f 
overload, but by tucking the bfo module 
behind the speaker, operation is com-
pletely satisfactory. Slightly more gain 
will result if C2 is paralleled with an 

40841 

fig. S. Th is circuit can be used as an rf or i-f 
amplifier and uses same printed-circuit layout 
as the circuit of fig. 4. 

audio bypass capacitor, although it might 
be more worthwhile to go to a Motorola 
MC1550 (HEP 590) or RCA 3028 IC. 
They will deliver considerably greater 
gain if you need it. 

The circuit in fig. 6 can also be used as 
a synchrodyne detector. Tune L1 to the 
operating frequency, feed in a vfo signal 
at the operating frequency, add an audio 
filter to the output and use a high-gain 
audio amplifier. You now have a simple, 
direct-conversion receiver. 

Fig. 7 shows the circuit for a 
grounded-gate rf stage. Note that gate 2 
must still be biased to +4 volts for full 
gain. You can feed gate 2 from the age 
line if desired. This stage is very stable 
without much shielding. 

board layout 
If you can lay out a single circuit 

board to accommodate these four circuits 
you will have a really useful board! Fig. 8 
is the result. The simple square layout 
makes it easy to cut out. Notice the fat 
ground bus. This is a big help in achieving 

stability in rf equipment. In my layouts I 
usually make any unused board space a 
part of the ground bus, rather than etch it 
away. You save etchant and gain stability. 

Circle B is the location for a 5/16-inch 
(8-mm) hole for TV-type slug-tuned coils, 
or a 3/8-inch (9.5-mm) hole to clear the 
mounting tabs on compression trimmers. 
If you allow the tabs to protrude through 
the board at this point, it's advisable to 
scrape away the copper foil so the tabs 
are not grounded. Just a tiny chamfer is 
sufficient. 

Locations A and C are for the leads of 
compression trimmers. These are usually 
25/32-inch (20-mm) apart. By relocating 
A and C to the right so their center line 
lies 9/16-inch (14-mm) from the right 
edge of the board instead of 3/4 inch (19 
mm), and drilling them 7/8-inch (22-mm) 
apart instead of 25/32 inch (20 mm) you 
can accommodate the small surplus Erie 
ceramic trimmers. If you make up boards 
in advance these holes can be left un-
drilled so that the board can fit any 
combination of output parts later. 

Fig. 9 shows the mounting of the little 
Radio Shack transformers. The mounting 
tabs are pushed through the holes and 
bent over. It's best to solder one or both 
tabs to the ground foil. This will result in 
a quieter circuit Use 4-40 screws to 
mount the boards. Spacers can be 
scrounged from broken rotary switches, 
switching T V tuners, 1/4-inch (6.5-mm) 
OD steel or copper tubing, etc. Keep the 
input and output sections apart when 
laying out the boards. If you lay out a 
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fig. 6. High-gain product detector. Except for 
the output this circuit is identical to fig. 4. 
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multi-stage board, don't use a U-shaped 
layout! This is asking for trouble. Keep 
the circuit in a straight line f r o m input to 
output. 

It's best first to plan your layout on 
the cross-ruled paper. Have typical parts 
available so you can allow for correct 
clearances. Once you have your final 
plan, keep the drawing for future refer-
ence. Y o u would be amazed how fast you 
can forget what a particular board is used 
for, or where a particular part mounts. I 
keep a copy of the board, layout, sche-
matics, and notes on performance or 
unusual characteristics together in a 
loose-leaf binder. That was one reason I 
could build a complete receiver in a 
couple of evenings. 

When working with the TO-5 can 
integrated circuits, it is desirable to 
mount them for removal wi thout damage. 
Fig. 10 shows a method I use. Drill a 7 /16-
inch (11-mm) hole through the board , 
bend the leads as shown, and the IC 
can be soldered in and removed rapidly 
wi thout damage. 

circuit board fabrication 
Now let's get to the actual board 

work. First, cut the board to size. A f ine 
tooth hacksaw is best. File the edges 
smooth. Now thoroughly clean the 
copper side. Copper cleaner, other house-
hold cleansers or steel wool are all 
effective. I t is very important to prevent 
fingerprints on the cleaned board surface. 
Often the f i lm f rom a fingerprint seriously 
retards etching. 

Next , cover the copper foil w i th mask-
ing tape. Choose a width of tape that wil l 
completely cover the board, if possible. 
Where tape is lapped, etchant often 
creeps under the tape. Press the tape 
down thoroughly all over the board. 
Draw the complete layout on the masking 
tape using a soft pencil. Be sure to 
indicate points to be drilled (I draw a t iny 
cross at these points). Cut through the 
tape wi th a very sharp jack-knife or 
X-acto modelmakers' blade. Peel the tape 
off f rom areas to be etched. Here, too, 
avoid getting your fingers on the exposed 
copper. Finally, when all the areas to be 

etched are exposed, again f i rmly press 
down the remaining tape w i th a clean 
pencil eraser. 

Now, place the board in the cereal 
bowl, foil side up, and pour in enough 
etchant to cover the board to a depth of 
1/4 inch (6.5 m m ) or more. Place the 
bowl on your "heater" and relax. After 

A 

ce 
005-01 

12V + rh 

fig. 7. Grounded-gate rf stage. 

about five minutes lift one end of the 
board out of the etchant using the plastic 
stick. As you l ift it, you will see a dirty, 
dark residue draining f rom the board. Lif t 
the end of the board in and out of the 
solution several more times to flush away 
this spent etchant, then lean back for 
several minutes more. Again flush away 
the loaded etchant. In about 2 0 minutes 
the board should be completely etched. 

Y o u can now remove the board f rom 
the etchant, rinse it: in water (preferably 
not in your wifes' stationary tubs because 
this stuff stains badly). If you object to 
stained fingers, or have sensitive skin, use 
a plastic glove to handle the board. 

Carefully check the board to make 
sure it is completely etched. If not, dump 
it back into the etchant. When it is 
completely etched, rinse it in water and 
damp-dry it wi th a clean cloth. Before 
removing the tape, drill the holes. Now 
you can peel off the tape and thoroughly 
clean the board with household cleanser 
to remove any vestige of etchant. If you 
are sloppy in this respect, a slight residue 
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of etchant can attack electronic compo-
nents later. 

Be very careful when handling the 
etchant! A tiny drop on a good tool will 
cause the tool to rust almost before you 
can blink your eyes! An accidental spill 
on the workbench will create an area that 
is saturated with etchant, and any tool or 
part that you leave on that area will be 
attacked - even months later! I use a 
little homemade stool in the middle of 
the basement floor for etching. When 
etching is completed, don't throw away 
the solution. Return it to its bottle. Use a 
plastic funnel. 

After etching many boards you will 
notice that the etchant seems to be 
thicker, and it will be difficult to see the 
flushing action as you lift one end of the 
board. You may suspect the etchant is no 
longer usable, but a certain amount of 
water is vaporized as you heat the solu-
tion so if this condition appears, gingerly 
add water — usually a very small amount 
is necessary - to restore the solution to 
its original state. You will again be able to 
see the flushing action clearly, and etch-
ing speed will be better. 

As you use your original bottle you 
will develop a good feel for proper 
consistency and etching action. Finally 
you'll reach a point where a properly 
thinned solution requires 45 minutes to 
an hour to do one board. Your masking 
tape will be badly discolored and it will 
be very difficult to see your drill location 
marks. By now you will be a pro with the 
stuff. You can buy the ferric chloride 
powder much cheaper, dissolve it in 
water, and be sure of your mix. Don't be 
surprised if you find others who are 
willing to pay for your services. Take the 
time to learn to do a craftsmanlike job 
and if your radio budget is low, you can 
probably stretch it a long way by doing 
circuit boards for other amateurs. 

drilling boards 
The drills for circuit boards are very 

small, but can be used in any kind of a 
drill motor. I have successfully used 
inexpensive hand drills (the eggbeater 
kind). If you buy one, take a 1/32-inch 

fig. 8. Printed-circuit layout which will accom-
modate the circuits of fig. 4, 5, 6 or 7. 
Mounting of the transformer for the product 
detector is shown in fig. 9. 

(0.8-mm) or number-60 drill along to be 
sure that the chuck will close on a drill 
this small. Select one that turns smooth-
ly. A drop of oil on the gears and bearings 
often does wonders. When using such a 
drill, chuck it so only a short section 
protrudes from the chuck. Rotate the 
chuck smoothly and evenly, and don't try 
to rush the job or you'll break the drill. 

If you use a drill motor, it is best to 
use fairly slow speeds. It may be worth-
while to make up an SCR speed control. 
Again, allow as little as possible of the 
drill to protrude from the chuck. Of 
course, if you have a drill press, there is 
very little trouble. When drilling circuit 
boards, however, you will find that drills 
do not last as long as they do when 
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fig. 9. Method of mounting the product-
detector output transformer on the universal 
printed-circuit board. 
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drilling steel. Fiberglass and phenolics are 
both abrasive materials. Y o u may get 
only 100 holes with good grade drills, 
then the drill begins to turn up an 
excessive burr (see fig. 11). This makes 
soldering difficult because the solder 
doesn't want to climb the burr. Also, 
when a drill gets to that stage, it will 
often wobble as it cuts, producing an 
oversize hole. 

If you want to take a whack at this 
sort of construction, but are unsure about 
your success, and you want to cut parts 
cost, don't overlook scrap TVs, radios, 
surplus computer boards, etc. Usually 
nothing more than an ohmmeter check is 

TO-5 IC 
> 

II. 'I 

V/////////A1 WMV//////A 
fig. 10. This method of mounting TO-5 pack-
aged ICS allows them to be removed from the 
circuit board without damage. 

necessary. With this type of construction 
you can use components with very short 
leads. The receiver in fig. 1 was built with 
almost all scrounged parts and represents 
a total cost of about $7.00. 

soldering 
Your soldering techniques are very 

important for good PC board work. The 
economical Ungar soldering iron with a 
37- to 47-watt heating element and 1/8-
inch (3-mm) wedge-shaped tip is a good 
combination. An SCR controller or 
Variac can be used to regulate the heat. 
For smaller foil areas you can cut the 
voltage back to about 70 volts, but for 
large foil areas the iron will require full 
voltage. Use small diameter solder. Either 
0.032-inch or 0.040-inch (about 1 mm) is 
satisfactory. 

Clean the leads of the components 
before mounting them through the board 
holes and place the tip of the soldering 
iron against both the board and lead as 

shown in fig. 12. Feed a little solder to 
the- same junction to set up a thermal 
path from the soldering iron to both lead 
and foil. Then wipe the solder in a circle 
around the junction. The solder should 
creep out evenly all around and form a 
nice fillet as shown in fig. 13A. If you get 
a lumpy joint as shown in fig. 13B it 
could be due to lack of heat, dirty board 
or lead, dirty iron, excessive solder, or a 
combination of these items. It may or 
may not be a good joint. 

On large copper areas the heat is 
dissipated so fast that it might require a 
heavier iron. As soon as the joint is made, 
wipe the tip of the iron on a damp rag or 
sponge. Clean the soldered joint with 
isopropyl alcohol (the discount drugstore 
variety is ok). The flux residue will 
absorb moisture and form flux bridges 
between adjacent foil strips. The alcohol 
will leave a whitish film which can be 
removed later by washing the completed 
board with plain soap and water. 

For cleaning the boards I use the 
inexpensive acid brushes obtainable from 
good hardware stores. I cut the bristle 
length in half to stiffen the brush. If your 
hardware store doesn't stock these 
brushes, try your local sheetmetal shop. 
They are a common tinsmith's tool for 
brushing flux onto a joint. 

The foregoing instructions may sound 
tedious and unnecessary, but you will 
soon find that they do not take any great 
deal of time, and the results are worth the 
effort. A dirty soldering iron and a dirty 
lead will require many seconds of heating 
to get a satisfactory joint. Often the first 
impulse is to feed in more solder. The end 
result is, commonly, solder so overheated 
it crystallizes into a grayish mass, may 

fig. 11. When drilling printed-circuit boards, a 
dull bit will produce an excessive burr as shown 
here. 
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fig. 12. When soldering components to a 
printed-circuit board place the tip of the 
soldering iron between the component lead 
and the copper foil. 

not be bonded to the lead, and a copper 
foil strip so overheated it peels off the 
board. Follow the four main rules and 
save trouble: 

1. Absolutely clean board, no fingerprints. 

2. Keep the soldering-iron tip clean. 

3. Use the right heat to get a nice fillet on 
your soldered joints with little solder 
buildup. 

4. Clean the finished joint. 

Incidentally, too little or too much 
heat will produce a grayish, porous solder 
joint. A proper joint is shiny. If you want 
to clean up a lumpy joint, you can wick 

SOLDER F I L L E T 

V/////////A 

- SOLDER LUMP 

V / / / / / / / / / / / / / / S 7 / / / / / / / / / / / / / A 
« COMPONENT LEAD 

fig. 13. A properly soldered component lead 
will produce a smooth, shiny fillet around the 
lead as shown in (A). A lumpy, gray blob as in 
(B) is usually a poor electrical joint. 

the solder nicely as follows: Mix a solu-
tion of rosin and alcohol. Dip the end of 
a small diameter shield braid {about 1/8 
inch or 3 mm) into the flux. Lay this 
fluxed braid on the joint and place a 
clean, hot soldering iron on top of the 
braid — the excess solder is sucked up 
into the braid. This solder wick is obtain-
able in rolls of untinned braid saturated 
in flux, but you can find lengths of 
suitable braid in shielded leads to phono-
graph pickups, on volume controls of 
some T V sets, etc. 

Do not try to use the so-called non-
corrosive soldering pastes! Their flux 
residues are difficult to get rid of. A tiny 
quantity in a lead hole can become an 
insidious time bomb. 

Those of you who started in radio 
along with me — way back when — re-

fig. 14. Proper method 
of wrapping a component lead around a terminal. 

member the old cardinal rule was: First 
make a rigid mechanical connection and 
then solder a joint. Leads were tightly 
wrapped round and round a terminal 
before soldering. Many fellows applied 
plenty of solder for extra strength — 
particularly men who worked in the 
marine or mobile services. Then came the 
space and missile age, and the need for 
extreme reliability in soldered connec-
tions. The extreme vibration and G forces 
soon proved the old ways were inade-
quate. For high-reliability work you are 
forbidden to wrap a wire completely 
around a terminal. You do it as shown in 
fig. 14 and use a gimmick like an alligator 
clip on a rubber band to hold the wire 
secure against movement until the solder 
cools. You use only enough solder to 
form a fillet, and the lay of the strands of 
wire show clearly above the fillet. 

Of greatest importance is the appear-
ance of the solder. It must be shiny, 
indicating correct heat and no movement 
of the wire while cooling. This insures 
maximum strength in the joint, and low-
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est resistance. With excess solder, an 
inspector can't be sure of the quality of 
bond to the strands of wire, so you wick 
it, clean it and do it over again. I don't 
mean to imply that you should produce 
aerospace quality boards, I merely want 
to stress the cleanliness requirements. By 
following those four little steps you will 
find it easy to get the one feature you do 
want: Shiny solder joints. Solid-state 
devices are relatively high-current, low-
voltage devices. A poor solder joint is 
more likely to be troublesome under 
those conditions. 

And don't give up the ship because 
your eyes aren't what they used to be. I 
just finished a one year stint on an 
experimental spacecraft, and the stalwarts 
on that job were all in their fifties, 
members of the bifocal crowd, and I had 

circuit feeding a simple capacitance-
multiplier circuit. The result is a fair 
degree of regulation and very low ripple. 
A supplementary benefit is that the pre-
regulator will provide considerable 
immunity from power-line transients and 
voltage variations. 

For checking vfo drift you need a 
supply which is stable with respect to 
power-line variations. This circuit will 
provide 12 volts at about 300 mA, with 
some voltage droop at loads over 300 
mA. The circuit can be simplified by 
eliminating the pre-regulator (C2, R1, 
CR1) and changing R2 to 470 ohms, 2 
watts. Since the transistor will be dissi-
pating about 3.5 watts it can be mounted 
on the chassis to provide a heatsfnk. The 
zener, CR1, will dissipate about 6 watts 
under no-load conditions so it should also 

fig. 15. Regulated power supply with low ripple voltage suitable for many solid-state circuits. 

been away from Hi-Ret work for many 
years. 

Now for a few tips: Install your 
semiconductors last. That way they are 
heated only once. Don't be afraid to leave 
full-length leads on the transistors on the 
universal board. It won't degrade per-
formance, and until you are used to PC 
board work it will help you avoid over-
heating transistors. 

If your station is close to the seacoast 
you may want to protect your boards 
from salt-air corrosion. Mask the edges of 
the board and spray the foil side with 
clear acrylic. 

Finally, use a regulated power supply 
with low ripple voltage. If you have a 
junkbox full of surplus semiconductors, 
the power supply in fig. 15 will be quite 
adequate. Basically it is a pre-regulator 

be mounted on a heatsink capable of 
dissipating this kind of power. Scrap car 
radios often can be a source of such 
heatsinks. If your junkbox doesn't con-
tain the transistors and zener diodes, it 
may be more economical, simpler and less 
bulky to purchase a three-terminal 
voltage regulator for 12 volts. 

conclusion 

Although I still build a fair amount of 
vacuum-tube gear, I find solid state a 
great deal more fun. I have never been 
able to obtain such high performance as 
easily in homebrew gear. Construction 
today is less a machine-shop job and more 
of a card table variety of work. I hope these 
notes will help you, too, to have the pleas-
ure I've found in this field of tinkering. 

ham radio 
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automatic 
azimuth/elevation 

antenna control 
for satellite 

communications 

How to build 

an automatic 

az-el antenna 

control system 

Anyone who has operated through 
Oscar 6 using a directional receive an-
tenna is aware of the difficulties in-
volved in spotting the transmitter, con-
duc t i ng a coherent conversation, 
keeping the log and orienting the an-
tenna. This article shows how to elimi-
nate one of these problems, antenna 
orientation. 
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The array used here consists of two 
3-element, 10-meter receive antennas 
and two 2-element, 2-meter transmit 
antennas, all on the same boom. The 
10-meter antenna beamwidth is about 
60 degrees so alignment, while not 
critical, has to be readjusted numerous 
times on any pass of the satellite. This 
procedure became tiresome, and finally 
resulted in the design and construction 
of the automatic azimuth-elevation 
rotor control system described here. A 
block diagram of the system is shown in 
fig. 1. 

This particular rotor control was 
designed to handle a CDE TR-44 azi-
muth rotator and an Alliance C-225 
elevation rotator. However, any antenna 
rotators with position-sensing pots can 
be adapted for use. Basically, the system 
consists of a cassette tape recorder 
playing pre-recorded digital information 
into the rotor control where it is decoded 
and loaded into two shift registers. The 
register output is then converted into 
two analog signals which are propor-
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tional to the desired antenna azimuth 
and elevation. The desired position 
signal is compared with actual rotor 
position, and if the error is excessive, 
the rotators are driven to null this error. 
Manual operation of either rotator is 
still possible by use of the mode switch 
and position metering. 

pre-recorded information 

Approximately every two minutes, 
every minute for close passes, a ten-bit 

position correction. A typical tape 
format is given in fig. 2. Bit spacing is 
not critical, but should be no faster than 
five times that shown. 

A t least two external audio oscil-
lators are required to record the tapes. 
The circuit used to control the audio 
signal generators is shown in fig. 3. 
Presently, due to operating schedule 
limitations of Oscar 6, only South to 
North passes are available. Conse-
quently, five cassettes, 30 minutes on 

fig. 1. System block diagram of an automatic azimuth/elevation control system 
designed for satellite communications. 

binary word is fed to the rotor control. 
A zero is represented by a 1585-Hz 
tone, a one by the absence of this tone. 
A shift signal is also required, and the 
presence of a 228-Hz tone is used for 
this purpose. Six bits have been allowed 
for azimuth information and four bits 
for elevation. Thus, the minimum 
change in antenna position is six degrees 
about either axis. Following each word 
is a 700-Hz tone which initiates rotator 

each side, provide sufficient alignment 
accuracy for any useable pass from my 
station. 

control circuit 

The interface between the tape 
recorder and the T T L logic circuitry is 
shown in fig. 4. The peak frequency of 
each selective amplifier is shown on the 
schematic. Since close-tolerance com-
ponents are not used, your frequencies 
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fig. 2, Tape format for cassette tapes used to 
control the automatic az/el system. A zero is 
represented by a 1585-Hz tone, a one by 
absence of this tone. A 228-Hz tone is used to 
shift the digital information f rom the shift 
registers into the D-to-A converters, and a 
700-Hz tone initiates rotator position correc-
tion. A tone encoder for encoding the cassette 
tapes is shown in fig. 3. 

may be somewhat different. Asa result, 
it is best to build and test at least this 
part of the rotor control before record-
ing the program tapes. There is one half 

of a 558 op amp left over which, if you 
wish, can be used as an audio input 
buffer. All three of the amplifier-drivers 
produce a negative-going pulse when the 
appropriate tone is applied. 

The sh i f t registers and digital-to-
analog converters are shown in fig. 
5. The unmarked resistors must be 
hand picked to insure not their ab-
solute value, but their relative value. 
The condition to be met for the ele-
vation D-to-A converter is that: R2 = 
2R1, R3 = 4R1 and R4 = 8R1 where R1 
is approximately 4700 ohms. Similarly, 
for the azimuth D-to-A converter: R6 = 
2R5, R7 = 4R5, R8 = 8R5, R9 = 16R5 
and R10 = 32R5 where R5 is approxi-
mately 3300 ohms. The selection of 
parts to meet these conditions is done 
with the aid of the test circuit shown in 
fig. 6. The 7496 ICs shown in fig. 5 are 
unplugged, and the leads indicated in 
the test circuit are patched to the 7496 
sockets. Next turn both ramp minimum 
pots to zero, and the ramp size pots to 
mid-range. An oscilloscope is then con-
nected to first one and then the other 
desired position outputs. The observed 
stepped ramp is adjusted for linearity by 
changing resistors R1 through R4 for 

fig. 3. Tone encoder for encoding the cassette tapes required for the automatic az/el system. Tape 
format is shown in fig. 2. 
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the elevation ramp and R5 through R10 
for the azimuth ramp. After linearity is 
established, the ramp size pots are ad-
justed for an elevation ramp size of 1.25 
volt peak-to-peak, and for an azimuth 
ramp size of 5.25 volts peak-to-peak, 
The ramp minimum pots will be ad-
justed later. 

Two identical current sources are 
used in the system, one for each rotator 

resistor and adjust the current pot for 
10 mA output current. Open the short 
across the load resistor and adjust the 
linearity pot again for 10 mA. If the 
milliammeter has significant internal re-
sistance, it may be necessary to repeat 
the above steps. 

The null detector circuit is shown in 
fig. 8. The output of U9 is an indication 
of the sense of the error between 

fig. 4. Tone decoder and T T L driver interfaces the cassette tape recorder with the shift registers 
and D-to-A converters. 

position sensing pot. Exactly 10 mA is 
passed through each 500-ohm pot, 
regardless of its setting. Thus the return 
voltage from the sensing pot in each 
rotator is proportional to that rotator's 
position. The current source schematic 
is shown in fig. 7. 

To adjust the current source, tempo-
rarily connect a 560-ohm resistor in 
series with a milliammeter from the 
output to ground. Then short the 

desired and actual rotator position. Op 
amp U10 drives the rotator direction 
relay so that the next time the rotators 
start, the error is reduced. As the 
antenna turns, the error decreases and 
eventually passes through zero. This 
zero crossing is converted by a Schmitt 
trigger, U12, into a fast risetime edge 
which is used to turn off the RS 
flip-flop U11C- U11D. An identical null 
detector is used for the second axis 
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PATCH OUTPUTS TO INDICATED PINS IN FIGURE 5 

fig. 6. Test circuit for aligning the D-to-A converter of fig. 5. Outputs from test circuit are patched 
to indicated IC pins in fig. 5 (see text). 

which uses the remaining half of U12. 
The RS flip-flop of each null detector 
controls the appropriate motor-run re-
lay so that when a null is detected, the 
rotation about the axis indicating zero 
error stops. Since the rotator motors are 
turned off at the error null, the antenna 
slightly overshoots its desired position. 

When the mode switch is in the 
manual position, the D-to-A converter 
output is ignored and an externally 
adjustable pot is substituted, allowing 
manual entry of the desired rotator 

position. The rotators are driven to 
null when the appropriate manual start 
button is depressed. 

The metering circuit is shown in fig. 
9. In the azimuth position the meter 
reads 0 to 400 degrees, and in the 
elevation position the meter reads 0 to 
100 degrees. Calibration will depend on 
the specific rotators used, and will be 
described later. 

The circuit in fig. 10 is for use with 
the CDE and Alliance rotators. Other 
rotators may require circuit modifica-

Layout of the auto-
m a t I c a z i m u t h / 
elevation control cir-
cuitry, showing loca-
tion of major com-
ponents. 
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fig. 7. Current source. Two are required, one 
for azimuth, the other for elevation. 

tions. The relays were obtained surplus, 
and have 28-volt coils with a pair of 
5-amp contacts. 

One modification is needed on the 
TR-44 rotator. If you have a series-1 or 
-2 rotator, remove the sensing pot lead 
attached to terminal 7 and move it to 
the previously unused terminal 8. If you 
have a series-3 rotator, remove the 
motor common lead from ground and 
connect it to the previously unused 

terminal 2. For both axes of rotation, 
when the rotator direction relay is 
energized the rotator should rotate in 
the direction that increases the return 
voltage from the position sensing p o t If 
this is not the case, reverse the motor 
winding leads at the control unit. 

power supply 

Three separate regulated supplies are 
used in the system. The +15 and - 1 5 
volt supplies use 723 regulator ICs wi th 
a finned heatsink on each. The +5 volt 
supply uses another 723 IC in conjunc-
t ion with a 40312 pass transistor which 
is screwed to the chassis. The circuit is 
shown in fig. 3. After the power supply 
section has been built and adjusted, it is 
important that the +15 and - 1 5 volt 
regulators not be readjusted after com-
pletion of the remaining circuits. If 
these voltages are changed, recalibration 
of the entire system wil l be necessary. 

calibration 

Connect both rotators to the rotor 

fig. 8. Null detector. Two circuits are required, one for azimuth, the other for elevation. 
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control. Set the mode switch to auto-
matic. With a test tape, enter all zeros 
into the shift registers. Push the azimuth 
rotor start button and allow the rotator 
to stall. Now, slowly rotate the azimuth 
ramp minimum pot until the azimuth 
run LED extinguishes. Next, enter 
0011111111 into the shift registers and 
allow the azimuth rotator to either 
finish rotation or stall. If the rotator is 
stalled, retouch the azimuth current 
source adjustment until the azimuth run 
LED extinguishes. If the rotator stops 
before rotating 360 degrees, decrease 

the azimuth current source current and 
restart the rotator. Continue doing this 
until the rotator stalls. Then increase 
the current slowly until the azimuth 
LED turns off. Again enter all zeros, 
and then adjust the azimuth meter zero 
pot for zero meter reading. Again enter 
0011111111, and adjust the azimuth 
meter range pot for a meter reading of 
360 degrees (400 degrees full scale). 

The rotor control wil l position the 
elevation rotator over a 90-degree seg-
ment with zero degrees displaced from 
the low sensing pot resistance end of 

fig. 10. Motor drive 
circuit. Relays are 
surplus 28-volt units 
w i t h 5 - a m p e r e 
contacts. 

4 7(c ELEVATION 
•VW—O DIRECTION 

(FIB. E) 
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rotation by as much as 30 degrees. Mark 
the desired zero-degree point on the 
rotor shaft, somewhere in the first 30 
degrees of shaft rotation. Mark another 
point on the shift corresponding to the 
90 degree position. 

Enter all zeros in the registers and 
initiate the elevation rotator. The rota-
tor should stall. Turn the elevation ramp 
zero pot through the point that the 

enter all zeros and adjust the elevation 
meter zero for zero meter reading. 
Finally, enter 0011111111 and adjust 
the elevation meter range pot for a 
90-degree meter reading (100 degrees 
full scale). 

operation 
For manual operation the mode 

switch is set to manual and the azimuth 

elevation LED extinguishes. Restart the 
rotor. It should stop somewhere be-
tween the l imit of rotation and the 
desired zero-degree mark. Continue re-
adjusting the elevation ramp zero pot, 
and restarting the rotator unti l it stops 
at the desired zero-degree mark. 

Now enter 0011111111 in the regis-
ters and initiate the elevation rotor. It 
should stop near the desired 90-degree 
position. Readjust the elevation current 
source current unti l the rotor does stop 
at the desired 90-degree point. Again 

and elevation pots are adjusted to the 
desired antenna position. Start the 
rotators wi th the pushbuttons. Rotation 
is complete when the LEDs extinguish. 
For automatic operation simply place 
the mode switch in automatic and select 
the pre-programmed tape most suitable 
for the next satellite pass. When the 
satellite crosses the equator, start the 
tape at the zero-minute t iming mark. 
Then forget about the antenna and 
enjoy good solid communications. 

ham radio 
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audio oscillator 

Wide range 

sine, triangle 

and square-wave 

generator using 

the versatile 

Signetics NE566 

integrated circuit 

If dollars are scarce and shrinking on 
your workbench but you need a uti l i ty 
audio oscillator, f ind a Signetics NE566 
function-generator IC. Then put it into 
a simple circuit to get triangle, approxi-
mate sine, and square wave outputs over 
10 Hz to 25 kHz, in two bands. That 
basic range extends to 200 or to 500 
kHz, if you add one component to the 
circuit described here. 

Total cost for your audio oscillator 
could run as low as five dollars, if you're 
an efficient shopper or your junk box is 
well stocked. Its performance won't be 
critically sensitive to parts quality — the 
original model proves that. 

The NE566 is a versatile IC, almost 
as easy to find as the /uA741, if it's 

N 
LLi 

O) 
X v> < 

priced higher yet. Check the electronics 
magazines to find several sources at 
under three dollars. When you're buy-
ing, the DIP package is best. For NE566 
details, see fig. 1. 

Its 1-MHz maximum is well above 
what's needed on most amateur work-
benches. The band is set by one capac-
itor at pin 7. Pin 6 offers a 25:1 control 
range, depending upon resistance, and 
pin 5 a 2:1 range, depending upon 
voltage. The circuit described here uses 
both together for the 50:1 range needed 
to cover 10 Hz to 25 kHz in two ranges. 

Looking at outputs, the triangle wave 
is best for all-around application since 
it's nearly a sine wave. See power 
spectra facts in table 1. There's also a 
good square wave, if you're interested in 
digital work. 

basic circuit 

Fig. 2 shows the basic NE566 oscil-
lator schematic. Its maximum 25-kHz 
output is 40 times under what the 
NE566 can do, which makes parts 
values noncritical. However, C2 and 
C3 should be the best quality avail-
able. That is because the NE566 uses 
constant-current circuits to charge and 

table 1. Comparat ive analysis of sine, triangle 
and square waves {Fourier power spectra). 

sine triangle square 

f 100% 84.5% 51.0% 
2f — — — 

3f — 9.4% 19.0% 
4f — — — 

5f — 3.4% 1 1 . 0 % 

6f — — — 

7f — 1.7% 8.0% 
8f — — — 

9f _ 1.0% 6.2% 
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Supply 
requirements 

Input 
resistance 
Triangle 
output 

Square-wave 
output 
Operating 
frequency 

24 volts maximum, 7 m A typi-
cal. 12.4 mA max imum with 
12-volt power supply 
1 megohm typical 
(terminal 5) 

50 ohms, 0.5% linearity 

50 ohms, 20 ns risetime, 
50 ns falltime 

' " ( i 
V + V - 5 

R 6 C 7 / \ +V / 

R 6 = resistance at terminal 6 

C7 = capacitance at terminal 7 

+ V = supply voltage 
V 5 = voltage at terminal 5 

fig. 1. Basic specs of the Signetlcs N E S 6 6 IC 
function generator. 

discharge a capacitor, generating the 
triangle wave output. If the capacitor's 
value depends upon voltage across the 
capacitor (ceramic bypass capacitors) or 
if it features appreciable leakage 
depending upon voltage (aluminum elec-

trolytics) then there will be some wave-
form distortion. 

The diodes CR1 and C R 2 play a dual 
role. They clip the triangle wave, and 
they set the clipping level. Uneven 
clipping can be improved by trying 
other diodes, and some diodes will 
generate a better sine approximation 
than others. You might want to try a 
variable resistance at R6 while you're at 
it, but wave shaping doesn't depend 
strongly on the value of R6. 

For some ideas about simplest con-
struction at least cost, look at the 
breadboard construction shown in the 
photograph. This is a great alternative to 
perforated board assembly. 

tuning up 
Tuneup proceeds in four steps. First, 

verify a 50:1 tuning range. For this, put 
about 0.1 /iF at NE566 terminal 7. This 
range can be adjusted by varying R1, R3 
or both. You'll find R3 the most 
influential. 

Next, set minimum frequency at 500 
Hz by cut-and-try at C3, starting with 
the 0.077 fxF value shown. Then set 
maximum frequency at 500 Hz with 04 
added, by adjusting the value of C4. 
Finally, calibrate the tuning dial in 1,2, 
5 steps as shown in fig. 3. This calibra-
tion looks coarse, but it's adequate for 
most bench work. For example, in most 
radio applications you'll zero in on the 
desired frequency by ear, while the scale 

fig. 2. The basic N E 5 6 6 audio 
oscillator circuit provides sinusoi-
dal and triangular outputs (see fig. 
4) from 500 H z to 23 kHz. Values 
of the components marked with 
an asterisk are set during the 
tuneup procedure described in the 
text. Frequency dial for this unit 
is shown in fig. 3. 

s e e TEXT 

RH M 
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provides orientation. For audio you'll 
be interested in the - 3 dB points, which 
are vague in any case. And for pulse 
circuit work, perhaps using the NE566's 
square wave output, your scope displays 
timing. A large, precise calibration just 
isn't needed for most work. 

The tuning dial shown in fig. 3 was 
cut from cardboard, glued to its knob 
and calibrated in pencil. Then it was 
taken off the shaft and the calibration 
inked in with India ink. Another piece 
of cardboard holds the electrical-tape 
index. Simple — and good enough! 

Fig. 4 shows the original circuit's 
output. The sine wave is imperfect since 
two diodes don't provide the best 
possible wave shaping. The slight differ-
ence between rising and falling sides 
comes from the worst-choice capacitors 
put in to observe circuit sensitivity to 
such parts (C2 consists of bypass ceram-
ics, and most of C3 is an aluminum 
electrolytic). Use better parts, and ex-
pect a better signal. 

other circuits 
Of course you'll have your own ideas 

about building this circuit. Here are 
some suggestions you might want to 
throw in. If the triangle wave is 84.5% 
fundamental, why not omit the shaping 
network? That would achieve more out-
put and lower output resistance. See fig. 
5. Resistor R2 can be 100 to 500 ohms; 

fig. 4. Triangle and approximate sine wave 

outputs from the NES66 signal generator. 

fig. 3. The frequency calibration scale. Detail 

isn't needed. 

R1 as required for amplitude. Total load 
on the NE566 terminal 4 should stay 
over a few hundred ohms. At the lowest 
operating frequency the reactance of C1 
is under 10% of the circuit resistance. A 
good ballpark value is 1000/iF. 

An op-amp voltage follower after the 
level control will put output resistance 
under one ohm. See fig. 5 again. Since 
the NE566 triangle wave peaks don't 
reach the power supply or return levels 
the iiA741 doesn't need a bipolar 
supply to follow the signal. A large 
capacitor holds one end of the ampli-
tude pot at signal ground potential and 
provides a return terminal for the wave 
forming diodes. 

Since the square-wave output is there 
and many of us like square waves, let's 
look at that. See fig. 6. The square wave 
is taken out much as suggested earlier 
for the triangle wave, or a nA741 can be 
added to reduce output resistance. 

The two band-setting capacitors, C2 
and C3, could be increased to three. 
Then a capacitor about 20 times smaller 
than C3 would give a range of 10 kHz to 
500 kHz; the other two ranges might 
remain the same. 

application notes 
There are lots of facts around concern-

ing basic audio test work. Here, let's 
review a couple of the finer points. 
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fig. 5. Optional circuits for 
voltage follower outputs. 

triangle wave or 

keeping the input signal-to-noise ratio 
high. 

Then series resistance R3 imitates the 
nature of a real signal source, as the 
driven circuit sees it. Without R3, the 
small value at R2 loads the tested 
circuit's input terminals. That shorts out 
the noise the tested circuit generates in 
its own components and current flows. 
Test results taken without R3 or R8 will 
look very good, but they won't be true 
results. 

power supply 

This audio oscillator can be powered 
from the circuit it's testing, if the 

Anybody can make a small signal by 
putting a large resistor in series with a 
small one, as a voltage divider. However, 
practical application brings in practical 
details. Test leads can pick up interfer-
ence, and this becomes bad in the ac 
electric field from typically open house 
wiring. And if a series resistor isn't 
provided in the voltage divider it's possi-
ble to achieve deceptively good signal-
to-noise ratios that don't show in real-
life application. See fig. 7. 

Here, long leads from the generator 
feed a voltage divider situated an inch at 
most from the small-signal input ter-
minal. Any interference acquired by the 
leads is reduced along with the signal, 

FROM AUDIO 
GENERATOR 

fig. 6. Optional circuits for providing a square-
wave output. 

fig. 7. How to obtain interference-free micro-
v o l t a n d n a n o v o l t l e v e l o u t p u t s . 

supply level is 12 volts. That saves 
finding another power supply — but you 
must make sure the generator and the 
driven circuit cannot interact through 
their common power source. 

That's the purpose of R6/C2 in fig. 
5, and of R5/C3 in fig. 6. An opera-
tional amplifier can impose a surprising 
amount of signal on itsdc supply line if 
it's feeding a low-resistance load. These 
components decouple any roundabout 
output so that it cannot pass via supply 
lines through bias networks into a tested 
circuit, spoiling test results. As an extra 
precaution, one or two 1000-/iF capaci-
tors might be soldered across the genera-
tor's supply lines. 

ham radio 
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regulated, variable 
solid-state 

high-voltage power supply 

Design and 

construction of 

a regulated 

50- to 300-volt 

power supply 

with built-in 

current limiting and 

transient protection 
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The typical +150 to +300 volt regulated 
power supply (used for providing bias, 
screen or plate voltage for vacuum-tube 
circuits) has, until recently, most often 
been a tube-type design itself. This has 
been true because tubes are durable and 
have been inexpensive in the past. How-
ever, series-regulator tubes like the 
6AS7G, 6080, and 6L6 are now be-
coming expensive (nearly $10.00 each), 
and they age all too fast in regular use. 
The price of a set of tubes for a typical 
regulator (6L.6, 6AU6, and 0A2) is 
roughly $14.00. This makes some of the 
solid-state devices more attractive than 
they may have previously appeared. 

The solid-state version of a regulated 
high-voltage supply may also have the 
built-in advantage of adjustable current-
limiting, instant turn-on, and (barring 
accidents) virtually unlimited compo-
nent life. Some users of the solid-state 
power supply may miss seeing the plates 
of the rectifier and series-tube glow red 
when the output terminal is shorted, as 
occasionally happens when testing cir-
cuits, but that is a minor disadvantage 
and affects only a few. 

The regulated high-voltage supply de-
scribed here is shown schematically in 
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fig. 1. It is continuously adjustable in 
output f rom 50 volts to 300 volts, at 
load currents up to 100 mA. The cost of 
the IC, two high-voltage transistors, and 
seven diodes (in the regulator portion) is 
as low as $21.85. This is at least 
comparable to the price of an equivalent 
vacuum-tube regulator. 

Note that there is a small variable 
auto-transformer in the primary circuit 
of the high voltage transformer. These 
variable auto-transformers are most 
often called "Variacs" by amateurs, but 
Variac is a registered trade name of the 
General Radio Company and cannot be 
properly used in describing the particu-
lar variable auto-transformer used in this 
circuit. This variable auto-transformer is 
mechanically ganged to the dc voltage-
control potentiometer connected to pin 
8 of U1. 

This technique is one that I f irst 
observed on an older commercial tube-
type regulated supply (a Hewlett-
Packard 710A). The intent is to keep 
the input-to-output voltage difference, 
which is impressed across the series-
regulator transistor (or tube), nearly 
constant. In the vacuum-tube model this 
was done to minimize tube dissipation, 
increase efficiency and make a smaller 
package possible wi thout blowers. 

In the solid-state version described 
here, the ganged primary variable auto-
transformer and dc output voltage con-
trol pot have the same funct ion. How-
ever, l imiting the voltage across the 
series transistor is also of considerable 
importance. This is because the V c e 

l imitation of bipolar power transistors is 
about 300 volts (for transistors in the 
price range that most hams would con-
sider reasonable). 

If this mechanical complexity seems 
unnecessary, assume the case where you 
require 50 volts output at 100 mA. The 
unregulated input to Q1 would be about 
350 volts so there would be 300 volts at 
100 mA across this transistor. Not only 

would this cause 35 watts dissipation in 
Q1, it would also stress the device to its 
V c e l imit. A t load currents lower than 
100 mA the input voltage would be 
even higher and the V c e rating would be 
exceeded even though less power might 
be dissipated. With the variable auto-
transformer in the primary o f the high-
voltage transformer, 12, the differential 
voltage across Q1 wil l never exceed 100 
volts and the power dissipation of Q1 
wil l be held to 5 watts maximum. 

regulator circuit 

The regulator circuit is designed 
around the Motorola MC1466L (or 
MC1566L) which is that company's 
floating regulator. This IC was designed 
wi th variable lab-type power supplies in 
mind and is powered by a 25-volt 
supply which " f loats" (i.e., the power 
supply has no common connection to 
ground, but delivers its output only to 
pins 7 and 14 of the MC1466L IC). The 
only dc paths to ground that exist for 
the MC1466L are through the dc 
voltage-control pot, the load, and back 
through Q1 and Q2 to the unregulated 
high-voltage source. Note that transis-
tors Q1 and Q2 act as if they were one 
high-beta transistor since they are con-
n e c t e d in t h e D a r l i n g t o n - p a i r 
configuration. 

The MC1466L/MC1566L regulator 
IC is one that has received some adverse 
publicity, but the past problems appar-
ently have stemmed f rom lack of ade-
quate transient protection. For instance, 
it was reported in Electronic News some 
time ago that Power-Mate (manufac-
turer of regulated power supplies) was 
suing Motorola over the MC1466L/ 
MC1566L because their power supplies 
were failing in the field. I have not seen 
any further word of this problem so it is 
assumed that the two companies got 
together and solved the problem. 

Next, at work I began to get modular 
power supplies (Lambda LCS-3 series) 
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back from the field with IC failures. 
These ICs w e r e a p p a r e n t l y 
MC1466L/MC1566L types, too, judging 
by their unique pinouts (although they 
were marked with an in-house number). 
A request for assistance from the manu-
facturer yielded not only advice, but 

that agree on the method and a com-
plete lack of field failures in the 
modified modular power supplies) that 
it seemed prudent to go ahead with a 
regulated high-voltage supply using the 
MC1466L/MC1566L. The discussion 
above is not meant to criticize 

* (4J IH1007 
A14P (O.CJ 
MEP-ROOSS 

1. Regulated high-voltage 
power supply wi th variable out-
put f r o m 5 0 to 3 0 0 volts for load 
currents up to 100 m A . 

CR2 2 0 0 - v o I t , 50 -wa t t zener d i o d e (heats ink 
t o chassis) 

Q 1 Motoro la H E P 2 4 4 or M J E 3 4 0 (heatsink 
to chassis) 

Q2 Motoro la H E P 7 0 7 or M J 4 1 3 (heatsink 
to chassis) 

T 1 0 - 1 3 2 volt . 2 .25 A (0 .3 V A ) variable 
a u t o - t r a n s f o r m e r (Superior Electric 
10B) 

T 2 5 5 0 volts center-tapped, 1 1 0 m A (Tr iad 
R 1 1 2 A or R 1 2 A , f i lament windings 
not used) 

T 3 20 volts center-tapped, 1 0 0 m A (Triad 
F 9 0 X ) 

modification kits (free of charge) that 
solved the problem. Subsequently, in 
the third edition of the Motorola Linear 
!C Handbook (1973) a note appeared 
on transient failures. In the fourth 
edition of this handbook the recom-
mended transient-protective circuit was 
shown. 

The transient protection picture was 
finally clear enough to me (two sources 

Motorola, Power-Mate or Lambda, but 
rather points up how years of field 
experience are sometimes necessary be-
fore all the subtle points of a compo-
nent are really understood. I'm sure that 
the same was true of the 6L6 and 807 in 
their early days. 

circuit operation 
Perhaps a more detailed look at the 
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circuit in fig. 1 is in order. As outlined 
above, transformer T2 derives its pri-
mary ac voltage from terminals 1 and 3 
of T1, the variable auto-transformer. 
Since the ac voltage output of all the 
secondary windings of T2 vary wi th the 
setting of T1, the 5- and 6.3-volt secon-
daries of transformer T2 are not used. 
The low-voltage transformer, T3, for the 
floating supply, operates directly f rom 
the constant ac line voltage. 

The high-voltage rectifier uses four 
1000-volt PIV silicon diodes in a full-
wave, center-tapped circuit. Since the 
variable auto-transformer can push the 
primary ac voltage of T2 to 135 Vac, 
the ac output can go as high as 320 
volts. Thus, the conservative thing to do 
is to use two 1000-volt PIV diodes in 
each leg of the rectifier. The standard 
0.01 juF disc capacitor and 470k resistor 
are connected across each rectifier diode 
to assure equal voltages across each. A 
100-juF capacitive input fi lter is used 
with a 10-ohm series resistor to l imit 
input current to a safe level for the 
diodes (and for the capacitor). A 100k 
bleeder resistor was added across the 
IOO-mF f i l ter capacitor to minimize sur-
prises when doing initial circuit work. 

The floating power supply is about as 
stark a supply as you wil l f ind any-
where. It is a simple half-wave type with 
a silicon diode, 10-ohm surge current 
limiting resistor and a 50-^xF fi lter ca-
pacitor. Since the worst-case current 
d ra in f rom this supply (by the 
MC1466L) is only 12 mA, not much of 
a supply is required. The two 0.33-juF 
capacitors f rom the secondary leads of 
T3 are part of the transient protection 
for the IC. 

The 100-ohm resistor, R1, and 
1N5239 zener diode, CR1, in the regula-
tor circuit are the primary recom-
mended components to prevent IC 
breakdown during transients. The 
0.33-juF capacitors mentioned above re-
present additional transient protection. 

There are some other added protec-

tive components that I felt would save 
the high-voltage transistors Q1 and Q2 
in a particular failure mode. These are 
the 1/8-amp fuse in the unregulated 
high-voltage lead and a 200-volt zener 
between the emitter and collector of 
Q2. To explain this zener and fuse 
combination, suppose that the supply is 
set at +120 volts output and current 
l imiting is set at 100 mA. Should the 
output be shorted, the entire un-
regulated high-supply is impressed 
across Q2; this would be about 180 
volts at 100 mA or 18 watts. The 
transistor can handle this amount of 
wattage at least long enough for the 
operator to switch the supply of f . 

However, if the supply is set at, say, 
280 volts output and 100 mA limiting, a 
short across the output wil l place about 
330 volts across Q2. This, of course, 
exceeds its V c e rating and wi l l destroy 
the transistor. The 200-volt zener across 
Q2 limits the voltage during an output 
short condit ion to 200 volts, and the 
fuse opens at 125 mA to protect the 
zener f rom over-dissipation. 

A high-current zener diode must be 
used (the zener must be able to handle 
at least several times the fuse current for 
a good part of a second). The 1N2846 is 
a 50-watt, 200-volt zener that is rated at 
200 mA continuous current. The power 
supply wil l allow the output to go into 
current-limiting, providing the output 
voltage is below about 150 volts. At 
output voltages between about 150 
volts and 300 volts the supply is still 
protected f rom a short circuit but a 
high-voltage fuse wil l have to be re-
placed after the short is removed. 

construction 

The supply is built into an LMB type 
W-1C box-chassis. This relatively small 
cabinet has more than enough room for 
everything; I can't even imagine trying 
to cram a 5T4, 6L6, 6SJ7 and 0A3 into 
such a box as we used to do. The 
voltage control pot (a Mallory UF55L, 
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made for coaxial use) is mounted on the 
front panel above the chassis plate. 
Directly behind this pot and aligned 
with it, mounted on an angle bracket, is 
the Superior Electric model 10B vari-
able auto-transformer. The two are 
coupled together with a piece of 
0.188-inch (5mm) dril l rod which fits 
the ID of the hollow potentiometer 
shaft. The other end of the 0.188-inch 
rod is bushed back up to 5/16 inch 
(8mm) with an unused piece cut f rom 
the (long) pot shaft itself (this pot has a 
larger than 1/4-inch [6.5mmJ shaft). 
The 5/16-inch diameter shafting means 
that the voltage-control knob and one 
side of the flex coupling (which is 
coupled to the auto-transformer) must 
be drilled out to 5/16 inch. A small hole 
is dril led in each of the two 5/16-inch 
hollow shaft pieces (one on the pot and 
the other on the bushing) so that the 
respective set screws wi l l lock the 
0.188-inch rod solidly to the hollow 
shafts. 

The potentiometer should be set for 
minimum resistance and the auto-
transformer for minimum ac output 
voltage f rom terminals 1 and 3 so that 
turning the output voltage control wi l l 
increase pot resistance and simultane-
ously increase the ac output voltage. 
Then the set screws should be tightened. 

The current l imit ing control, R2, is 
placed on the f ront panel, under the 
chassis plate near the circuit board wi th 
the IC and its associated components. 
The two transistors and CR2 are mount-
ed on the chassis plate near the rear 
wi th mica washers and silicone grease 
for heat-sinking. CR2 and Q1 are 
mounted on top of the chassis plate 
with their pins protruding through this 
plate, and Q1 is mounted under the 
chassis. Although these mica heatsink 
washers are quite thin, they seem to be 
adequate to insulate the high voltages 
involved. A t normal full-load operation 
these transistors do not even feel warm 
to the touch (when touching them, 

however, remember that they have the 
full unregulated high-voltage on them -
turn the supply off and wait unti l the 
bleeder reduces the voltage to a safe 
level). 

A couple of other components in the 
circuit deserve mention. The 8.55k resis-
tor between pins 2 and 12 of the (C is 
actually two 4.3k, 5%, 1/4-watt resistors 
in series. If you have an 8.55k, 1% 
resistor, use it by all means, but 4.3k 
resistors are easier to f ind. Also, the 2.5-
ohm resistor between pins 9 and 11 of 
the IC can be a 'A-watt, 2.4-ohm or four 
10-ohm, %-watt resistors in parallel. 

There are numerous possible substi-
tutions for the silicon rectifiers used in 
the supply; just make sure the PIV 
ratings match those called for. Similarly, 
the 9.1-volt zener can be most any 8.2-
or 9.1 -volt type with a 250-mW or larger 
rating. The high-voltage zener, 1N2846, 
may be replaced wi th a 1N3350. The 
high-voltage transistors Q1 and Q2 can 
also be replaced by other devices; 
Motorola has a number of such transis-
tors, mostly in their MJ and MJE series. 
O the r m a n u f a c t u r e r s (RCA for 
example) have lines of high-voltage npn 
transistors which might be suitable. 

ham radio 
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dressing up the 

siamese paddle 
Electronic keyers have replaced the 
semi-automatic bug in many CW sta-
tions, and that's a sign of progress. 
However, a problem common to many 
home-built keyers is efficient operation 
of the paddle. This mechanical part of 
the keyer must provide two switch 
closures: one for dots and one for 
dashes. No matter how sophisticated the 
keyer electronics, the paddle plays an 
important part in how your CW sounds. 
An otherwise excellent keyer with a 
poor mechanical input will cause errors 
and poor operating habits. 

Presented here are some ideas on 
improving paddle operation and provid-
ing a smart, professional appearance to 
any home-built electronic keyer. The 
"siamese paddle"1 is used as an example 
of what can be done. 

The siamese paddle is so-called be-
cause two surplus telegraph keys are 
used to provide the mechanical input to 
the keying circuit. The keys are 
mounted back-to-back on a heavy base. 
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Although this method works fine, the 
esthetic appearance of the key leaves 
much to be desired. Why build a good 
keyer only to have one of its most 
important features look 30 years behind 
the times? The refinements shown here 
will give an overall sharp appearance. 

mechanical input 
Three types of keys are available on 

the market today: the surplus telegraph 
keys (J-38), the ball-bearing pivot Japa-
nese version of the J-38, and a plastic 
version of the J-38. The surplus and 
ball-bearing pivot types are better suited 

extra mechanical considerations this 
type of key was not used. 

packaging 
If a siamese paddle could be con-

structed in an enclosure, the appearance 
would certainly be enhanced. After 
finding such a container, it became 
apparent that it had a lot of wasted 
volume. A suitable box size for the 
paddle is 514 x 3 x 5-7/8 inches (13.4 x 
7.6 x 15 cm).* With the extra space, 
keyer electronics and power supply f i t 
easily into the container with the keys, 
making a very neat package. 

Two telegraph keys are mounted back-to-back in the center of the cabinet. The ends of the keys 
are cut off, with fiberglass extension arms added. The handles are slipped over the arms. 

to a keyer design because of friction 
reduction and the multiple adjustments 
possible. These keys are available for 
about $3.00, depending on the source. 
It's important that the keys operate 
very smoothly and with little effort. 

An alternative approach to a 
telegraph key is a microswitch for the 
mechanical input element. However, 
because of lack of adjustments and the 

To install the two telegraph keys in 
the box, a method of mounting must be 
determined. The easiest approach is to 
use two bolts and two L-shaped brack-
ets. A 2-inch (51-mm) bolt is used to 
fasten the keys back-to-back. The two L 
brackets are then attached to the re-

*A similar box is available f rom Radio Shack 
Stores for about S3.40. 
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maining hole with another bolt of the 
same size. 

The keys may now be mounted at 
right angles to their normal positions, 
permitting lateral motion instead of an 
up-down motion. The keys are quite 
steady with just two mounting brackets. 
Since the arms of the keys are longer 

Front of the paddle with one 
black handle removed. The 
handle slips over the protrud-
ing arm extension, and the 
fiberglass arms extend through 
two small file-slotted holes In 
the front panel. 

than necessary, they should be cut off 
about Vh inch (38 mm). Two small 
holes are then drilled into the arms to 
mount the paddles. Fiberglass printed-
circuit boards work well for the paddles. 
The two arms on the keys should be 
bent to allow about 9/16-inch (14-mm) 
clearance between the paddles. 

The photo of the keyer interior 
shows the twin paddle mounted in the 
middle of the box. Two 1/2 x 1-3/4-
inch (13 x 19-mm) fiberglass paddles are 
brought out 1-1/4 inch (32 mm) from 
the front plate. The paddle emerges 
through two small file-slotted holes. 
Because of the irregular shape of the 
keys, the power supply is mounted on 
the left side of the box, while a sidetone 
circuit and speaker are mounted on the 
right side. An integrated-circuit Iambic 
keyer board is mounted with two stand-
offs directly behind the keys. The back 
panel includes the output jack, a tune/ 
operate switch, and a sidetone on/off 
switch. Ventilation holes in the cover 

allow the sidetone to be heard from the 
enclosure. Four rubber feet mounted on 
the bottom of the enclosure hold the 
keyer steadily during operation. 

finishing touches 
Decals were applied to give a final 

touch to the case. The dressing for the 

paddles is a plastic slip-on cover to give 
a better feel. Since the fiberglass paddle 
is about 1/2-inch (13-mm) wide, a con-
venient cover is a file cabinet plastic 
label holder. The label holder is cut to 1 
x 1 inch (25 x 25 mm). The covers will 
then slip easily over the fiberglass 
paddle. To give a contrasting appear-
ance, a black rubber alligator clip boot 
is cut and stretched over the clear 
plastic. 

This type of key arrangement lends 
itself to a consolidated keyer design. 
Although an Iambic keyer board was 
used, the same mechanical arrangements 
should work with any type of keyer 
circuit. I hope this description will 
benefit those contemplating their own 
keyer design but haven't found a solu-
tion to the key packaging problem. 

reference 
1. Myron Hexter, "The Siamese Paddle," 
ARRL Hints and Kinks, Volume VI , Second 
Printing, 1959. 
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techniques 
ed noil, W3FQJ 

winding up the wind 
The sun blesses us with warmth and 
light, each a non-polluting form of 
abundant energy. By indirect means the 
sun begets the wind, a conveyer of 
tremendous energy, since it is the ever-
sh i f t ing d i f ferent ia l heating of the 
earth's surface by the sun that launches 
the wind. It blows over the wind-swept 
plain, races above the mountain tops 
and dances among the sea cliffs. It also 
howls and whistles across your back-
yard. The conversion of its energy to 
electricity can easily power your 
amateur radio station. 

How much non-polluting energy is 
available from the wind? Estimates vary 
from 20 billion kilowatts capacity at 
choice sites to a maximum of at least 80 
trillion kilowatts to be derived from the 
winds of the Northern Hemisphere. The 
peak summer power demand in 1973 
was only 344 million kilowatts. In 1970 
the peak world demand was 1 billion 

kilowatts; approximately one-third of 
this peak capacity was made available in 
the United States. The world has to 
struggle to generate this quantity of 
electrical energy while the vast non-
polluting energy sources continue to be 
ignored — light and heat from the sun, 
the wind, the tides and geothermal 
warmth. 

Today it is possible to use solar 
energy to heat your home (with very 
l i t t le augmentation, even in the 
northern states). You could supply a 
goodly portion or all of your electrical 
needs by wind and light energy con-
verters. Would you like to start ogt on 
your ham station? 

I am doing just this at W3FQJ, 
struggling toward a hybrid combination 
that will permit me to use the wind to 
full-charge batteries while solar cells 
provide a trickle charge. I am aiming for 
a 1000-watt capability. 

general plan 

What are the major units of a wind-
to-electrical-energy conversion system? 
The initial step is the conversion of 
wind energy to mechanical motion, fig, 
1. This can be accomplished by a variety 
of wind blades and rotors such as 
multi-bladed metal or wooden propel-
lers, sail blades made of light frames 
covered with material, Princeton and 
Chalk rotators, Savonius S-rotors, verti-
cal axis rotators, etc. Each has its own 
particular characteristics and meets 
specific needs. Various blade types will 
be described in succeeding columns. 

Electrical generators of various types 
can be used to convert mechanical 
rotation to electricity. Often an inter-
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vening belt and/or gear system makes 
an appropriate conversion between the 
rotational speed of the wind-driven 
rotor and a favorable speed of rotation 
for the generator. Others are directly 
driven by wind-driven rotors. Either dc 
or ac generators can be employed with 
various voltage and power capabilities as 
required by the system application. 
Mechanical arrangements can also be set 
up to rotate more than one generator. 
Popular generator-voltage values are 12, 
24, 36 and 110 volts. For amateur 
stations 12-volt systems are likely to be 
popular because of the availability of 
low-cost automobile generators and 
alternators. 

fig. 1. Basic wind generating system. Typical 
commercial wind generators are shown in 
the photographs of figs. 2 and 3. 

storing electrical energy 

There are periods of calm and low wind 
ve loc i ty when generators become 
inactive. Electrical energy must be 
stored by batteries for these time inter-
vals. Presently the secondary battery 
serves as the reservoir of electrical 
energy. The system must be planned 
according to the average wind-velocity 
conditions of an area with an added 
safety factor that will accommodate a 
reasonable length wind-quiet period. 

Lead-acid batteries are currently the 
most economical types for medium- or 
high-powered systems. Other types of 
secondary batteries are practical for 
low-power installations. Smaller and 
better battery systems are inevitable. 

Despite the debilitating public relation 
outputs from the current energy 
empires, continuous service can be sup-
plied by solar and wind electrical gener-
ating systems. 

At the present time high-powered, 
continuous-service systems are expen-
sive simply because they are not wide-
spread. One can anticipate, therefore, 
that in the interest of economy, backup 
systems can incorporate means for using 
utility services or a fuel-driven genera-
tor. Furthermore, in many installations 
wind generators will be designed to 
provide only a percentage of the total 
need. A radio amateur may have as his 
first objective the self-sufficient power-
ing of his amateur equipment. Later he 
may wish to incorporate additional elec-
trical needs of his dwelling into the 
overall system. 

electrical energy distribution 

Ingenuity in meeting desired require-
ments is the key word. Presently, for 
most applications, the most expedient 
manner of operation is to use the wind 
generator to charge batteries. In suitable 
wind and with adequate capacity the 
output of a wind generator can be made 
to supply the load as well as to charge 
batteries. The most popular manner of 
distribution now is with dc voltages. 
You will find that for almost any ac 
motor application you will be able to 
find a dc replacement. Low-voltage 
bulbs are readily available for dc light 
distribution. For those devices and 
equipment that require 110-volt ac, you 
can use an inverter. Solid-state inverters 
with ratings from 50 to 75 watts to as 
high as five kilowatts are available. 

Much modern amateur equipment is 
designed to operate on 12 volts dc. 
Fortunately, 12-volt wind generating 
systems for low and moderate power 
applications are currently the least 
expensive. They can also be home-
brewed readily at low cost, particularly 
if you are willing to scrounge in auto 
junk yards and surplus stores for com-
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ponents. Low-powered inverters of low 
cost can be purchased right out of the 
electronic parts catalogs. New and re-
built auto generators and alternators are 
available from auto stores and catalogs. 

/ 

fig. 2. A 200-watt wind generator suitable for 
many amateur radio stations (photo courtesy 
Wincharger). 

reading the wind 
The conversion of wind energy to 

mechanical rotation has every indication 
of being a complex science. Windmills 
have been available for generations but 
have only been conceived and used in 
rather simple forms. Types of blades 
and rotors respond differentially to 
wind. One might be efficient at low 
velocity; another much more efficient at 
high velocity. There are now many 
arrangements under investigation. 

In planning a wind generator installa-
tion find out as much as you can about 
your local wind conditions. Such infor-

mation can be obtained from your local 
weather bureau or directly from the 
National Climatic Center, Federal Build-
ing, Ashville, North Carolina 28801. A 
particular interest should be the yearly 
mean wind speed (average wind 
velocity). 

For most presently available wind 
generators the minimum average is 
about 8 mph (12.9 kmh) or more. 
Average rating of equipment is often 
based on a velocity of 10 mph (16.1 
kmh). In practice, however, the real 
energy producing winds range between 
15-25 mph (24-40 kmh). If these levels 
are maintained for an average two-day 
interval out of seven throughout the 
year you are in a practical situation for 
a wind-generating system when using a 
battery-storage plan. If you enjoy a site 
with wind values better than these, you 
will have a bonus in extra power. 

A small, commercially available and 
practical 12-volt wind generator, fig. 2, 
provides approximately 20 kilowatt 
hours per month in an area of 10 mph 
(16 kmh) average wind velocity.* If 
your site averages 16 mph (26 kmh) 
instead of 10, the same generator has a 
capability of 35 kWh per month. 

Usually the wattage rating of such a 
generator is based on the minumum 
wind velocity that will produce maxi-
mum output. For example, the unit of 
fig. 2 produces about 200 to 250 watts 
output with a wind velocity of 23 mph 
(37 kmh). Power output levels fall off 
above this wind speed. In fact, automatic 
braking systems are included to hold 
down rotational speed and prevent break-
down from excessive wear. 

power calculations 
What are your amateur station 

"For more information on the Wincharger 
line of wind-driven electrical generators, write 
to Mr. Ed Hult, Winco-Dyna Technology Inc., 
Box 3263, Sioux City, Iowa 51102. For more 
information on Solar Wind equipment, write 
to Mr. Henry Clews, Solar Wind, Box 7, Bar 
Harbor Road, East Holden, Maine 04429. 
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needs? Go to your log arid collect some 
figures. Here is an example: Assume on 
transmit that your power demand is 120 
watts. This represents a current demand 
(with a 12-volt supply) of 

P 120 
I =|; = Y2~ = 10 amperes 

Assume you operate four hours per day 
and have a transmitter on-time of about 
40%. Remember that some current is 
also drawn on receive and standby but 
for solid-state equipment this is usually 
relatively low. Assume a 50% on time to 
compensate for this additional current. 
(This approximates a two-hour period 
of operation drawing 120 watts continu-
ously.) Daily consumption then approx-
imates 20 ampere-hours (10 x 0.5 x 4). 
Monthly consumption would be 600 
ampere-hours (30 x 20). 

A suitable heavy-duty 120- to 150-
ampere-hour 12-volt battery would ade-
quately supply these needs. A second 
battery would give plenty of backup 
power as it could be kept on charge 
while the first battery is in operating 
position. Furthermore, a solar panel to 
provide a trickle charge to the battery in 
use will give you an additional safety 
factor. 

How would you fare under 24 hours 
of continuous operation? This would 
correspond to a time period of 12 hours 
of continuous 120-watt demand. A very 
maximum consumption would be 240 
ampere-hours. You even have some 
power in reserve for a very extended 
period of operation. You would have no 
trouble operating a 180- to 200-watt 
PEP solid-state transceiver under the 
above circumstances. In fact, you would 
have power to spare. 

What would be your monthly con-
sumption of power based on the above 
average conditions? Your daily use of 
electricity would be 0.24 kilowatt-hour 
(120 x 2). This would be 7.2 kWh per 
month (30 x 0.24). Based on the rating 
of the wind generator of fig. 2 you again 

would have extra power because its 
rating at an average wind speed of 10 
mph (16 kmh) is approximately 20 
kWh. Therefore, you have extra power 
to operate additional equipment in the 

fig. 3. This 6-kW wind generator (foreground) 
and 2-kW unit (to the rear) supply power to a 
business (photo courtesy Solar Wind). 

ham shack, operate more hours or use a 
bit more power. 

These calculations have been very 
conservative and indicate how the small-
est of wind-generating systems can make 
a modest ham station self-sufficient 
electrically. Knowing the ingenuity of 
radio hams, each, according to his oper-
ating habits, will find the most efficient 
use of the generated power. In fact, 
some of the power will probably be 
diverted to other services in the house. 
As the lament says, " . . . the answer is 
blowing in the wind." 

ham radio 
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comments 

5/8-wavelength 
antennas 
Dear HR: 

Having built and used both quarter-
and 5/8-wavelength ground-plane and 
mobile antennas on two meters, I was 
surprised at the article in the May, 
1974, issue of h a m r a d i o . I have had 
very good results using the 5/8-
wavelength antenna, and K O D O K ' s 
article spurred me to do some of my 
own testing to see the difference for 
myself. 

I decided that my Heathkit HW202 
with a step attenuator between the 
antenna and transceiver would make a 

good rf micro-voltmeter with which to 
make the measurements. The antenna is 
a portable ground plane consisting of 
three 5-foot sections of telescoping T V 
masting, guyed and set on a pin so the 
antenna could be lowered to change the 
driven elements and be put back in 
exactly the same position (I used nylon 
guy ropes which had enough stretch so 
it was unnecessary to change the guy 
ropes between antenna changes). The 
ground radials are mounted to a steel 
angle bracket with wing nuts for port-
ability. The antenna is attached to a 
bracket with a PL-259 plug which con-
nects to a SO-239 jack on the mounting 
plate. 

The 5/8-wavelength element consists 
of a series matching inductor to the 
5/8-wavelength radiator with a vswr of 
1.7:1. The quarter-wavelength radiator 
has a vswr of 1.2:1. Both antennas were 
mounted on the same 15-foot mast. 

SO-239 
ADJUST BASE COIL FOR BEST 
V.S.W.B - THEN COVER WITH PLASTIC ELECTRICAL TAPE 

- 19-1/2 IN. -
f< RADIALS) 

- I-1/4 IN. STEEL TV MAST 
(3) -3 FT. EACH 

51-1/2 in FIBERGLASS FISH 
ROD-EPOXY TO PL-259 PLUG 

RADIALS AND MOUNTING BRACKET 

48 IN. 
BRAID FROM 
RB-S/U CABLE 

SERIES COIL 
II TURNS 

NO. 12 WIRE 

-PL-259 PLUS 

3/8-WAVELENGTH ANTENNA 

-ZS9 PLUG 

//^-WAVELENGTH ANTENNA 

fig. 1. Details of the antennas, ground radials and mounting bracket used in gain comparisons. 
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The measurement plan was to use 
received signals, attenuate the signal to a 
mark on the S-meter in the transceiver, 
note the attenuation, take the antenna 
down, change the driven element, put 
the antenna back in place and again 
attenuate the signal to the same meter 
mark, record the reading and note the 
results. The step attenuator used has a 
range of zero to 101 dB in 1-dB steps. 
The results are shown in table 1. 

Stations of different distances were 
used to take into account the different 

table 1. Gain comparison of 5/8-
groundplane antennas with three 
technique is discussed in letter. 

distance 

Station 1, Base Station 11 miles 
Station 2, Repeater 21 miles 
Station 3, Repeater 41 miles 

angle of radiations between the two 
antennas. Every effort was made to 
replace the antenna in exactly the same 
spot as before so that the tests were all 
based on a very minimum of variables. 

In conclusion, the data in table 1 
shows that the 5/8-wavelength antenna 
has 3-dB gain over the 1/i-wavelength 
antenna. The antennas used for making 
these tests are shown in fig. 1. 

John H. Pearson, K2GVP 
Baldwinsville, New York 

/ can find no obvious fault with Mr. 
Pearson's measurement technique al-
though he has used a crude method at 
best However, the averaging of a num-
ber of results of this type of measure-
ment should yield a meaningful result. 
That is in effect what Mr. Pearson has 
done although his measurement resolu-
tion of one dB and the small number of 
samples (three) makes it hard to find 
the true average. I would conclude from 
the data however, that Mr. Pearson did 
indeed achieve gain from the 5/8-
wavelength radiator. 

As I pointed out in my article, 
obtaining this performance from a 
monopole depends upon creating an 
image element, hopefully from a reflec-
tion in the ground plane. / suspect that 
what Mr. Pearson has actually managed 
to do is to excite sufficient currents 
along his 15-foot support mast to, in 
effect, create an image radiating ele-
ment. There is at least one commercial 
antenna (the RingoJ which appears to 
depend on this as it does not even 
include ground-plane rods. From a de-

and 1/4-wavelength two-meter 
different stations. Measurement 

1/4-wave 5/8-wave 
antenna antenna gain 

18 dB 2 1 d B *3 dB 
31 dB 34 dB +3 dB 

4 dB 7 dB dB 

signer's point of view this is a dangerous 
approach because the designer has no 
control over the antenna mounting 
structure and very few amateur installa-
tions will probably wind up having the 
antenna atop a long straight conducting 
pole. More likely the antenna will be set 
Just above a 20-meter beam or even 
side-bracketed to a tower. 

It would, of course, be very interest-
ing if we could see a vertical plane 
radiation pattern of each of Mr. Pear-
son's antennas to see if a correspond-
ence exists to fig. 8 and 9 of my article. 
Even given a well equipped antenna test 
range, that measurement would be a 
tricky one to make. On several occa-
sions / have attempted range measure-
ments at 150 MHz and have always been 
plagued by ground reflections, espe-
cially when tipping the antenna on its 
side so that it could be rotated for a 
pattern in the plane of the monopole. 
That is why the model work reported in 
my article was conducted at 1000 MHz 
where reflections are far easier to 
control. 

Paul E. Meyer, K0DOK 
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tebook 

better balancing 
of the Heath 
HM-2102 wattmeter 

After wiring the Heath vhf wattmeter 
very carefully it may be rather dis-
appointing to note that anything below 
a swr of 1.5:1 is apparently considered 
normal in balancing the bridge, and as 
designed the bridge very often cannot 
be nulled much below a 1.5:1 reading. 
Of course, it is assumed a good 50 ohm 
load is used at the nulling frequency, 
such as a Bird dummy load. However, if 
after following the nulling procedure 
per the Heath manual no good null can 
be obtained, the following change may 
be considered. 

Exchange C3 (7.7 pF) and C16 (10 
pF) so C16 becomes a capacitor of 7.7 
pF. In parallel with C16 mount one of 
the 1/4-inch (6-mm) diameter miniature 
ceramic trimmer capacitors with a range 
of about 1.5 — 7 pF. If this is not 
available mount only a miniature trim-
mer with a range of about 5 — 1 5 pF. 
The intention here is to make C16 
variable around 10 pF. By alternately 
adjusting C4 and C16 in the nulling 
procedure an excellent null can be 
obtained, much better than is possible 
with a fixed value of C16. Or C3 should 
have a greater value, in many cases it 
seems to, and this can be judged from 
the position of the rotor of C4 when 
this capacitor is adjusted for maximum 
null before modification. If C4 is ful ly 
closed C3 should be increased in value. 

A n additional check for sensitivity 
balance may be made as follows. Set the 
sensitivity control to maximum {mini-
mum resistance) and with no load on 
the antenna side of the bridge feed just 
enough rf power into the bridge for a 
full-scale deflection on the meter in the 
forward position. Switching now to the 
reference position should give the same 
indication on the meter. If there is a 
difference of more than 10%, a correc-
tion can be made by adding additional 
resistance in series with the higher read-
ing line at either point B or C on the PC 
board - start with about 470 ohms. 
This test can only be done with vhf rigs 
able to operate without a load (such as 
the Heath HW-202). If the rf output 
level of the rig cannot be reduced as 
needed, the bridge's sensitivity control 
may be used instead but this wi l l reduce 
the accuracy of the test, of course. 

Bob Fransen, V E 6 R F 

retune weather 
monitor receiver 
to two-meter fm 

A quick glance through any of sev-
eral mail-order catalogs wi l l reveal that 
there are inexpensive transistor receivers 
available for usu as "weather monitors." 
These fixed-frequency receivers are de-
signed to receive vhf-fm continuous 
weather information transmissions from 
National Oceanic and Atmospheric 
Administration (NOAA) stations on 
either 162.40 or 162.55 MHz. The 
broadcasts, a part of the National 
Weather Service, are intended to provide 
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local weather information in the public 
interest, especially where natural 
hazards are involved. This is a great idea, 
and many people have bought these 
units with thoughts of keeping track of 
hurricanes, receiving tornado warnings, 
and for assistance in planning weekend 
boat trips. 

This particular model receiver already had a 

very small trimmer "Tuning" control to pro-

vide reception of either 162.40 MHz or 

162.55 MHz. 

However, quite a few would-be lis-
teners have found that these units lack 
the sensitivity to detect the low power 
government transmitters at their homes 
and consequently the fixed-tuned re-
ceivers are useless to them. This is 
understandable when you compare the 
fine print of the receiver specs in the 
catalog and note a 7.5-/uV sensitivity 
rating — and then remember the NOAA 
recommendation of a receiver with 
capabilities of 1.2 juV for 40 miles from 
the station; 0.9 yV for 50 miles and 0.6 
fiV for 60 miles. 

Now, if you know of someone who 
has one of these little boxes and is 
about to throw it out, you might 
casually mumble that you, "could use 
the radio for parts" and, with luck, 
carry it back to your shack. Upon 
inspection, you will find that you pos-
sess a 9-transistor (typically) fm receiver 
which, with the addition of one capaci-
tor, can be tuned to any frequency you 
want, such as the local repeater. Mine is 
set for 146.94 MHz. 

Simply remove the unit's cover, lo-
cate the local oscillator circuit, and 
place a padder capacitor across its tuned 
network. As shown in the photograph, I 
used a small variable trimmer and placed 
it outside the receiver. With this arrange-
ment I was able to tune down into the 
commercial fm band (88 to 108 MHz), 
aircraft communications frequencies 
(108 to 136 MHz) and, of course, the 
entire amateur 2-meter band. When a 
variable capacitor has been found that 
allows coverage of the desired range of 
frequencies, it may be permanently in-
stalled within the receiver. 

Kent Mitchell, W3WTO 

cmos keying circuits 
Shown in fig. 1 are two alternate 

keying circuits which may be used with 
the cmos electronic keyer which ap-
peared in the June, 1974, issue of ham 
radio. The circuit in fig. 1A is designed 
for grid-block keying and will key up to 
-140 volts, maximum. The circuit in fig. 
1B is designed for keying solid-state 
QRP transmitters. 

Jim Pollock, WB2DFA 

*vcc 

;33, 2H5AOO 

-140V MAXIMUM 
TO GRID BLOCK 
CIRCUIT OF 
TRANSMITTER 

fig. 1. Alternate keying circuits for use with 

the cmos electronic keyer. 

2H4IB4 

FOR GRID-BLOCK 
KEYING 

january 1975 ESI 57 



monitoring 
scanner receivers 

The Hy-Gain Electronics Corporation 
has introduced two new vhf scanner 
receivers, the Hy-Scan 10 for ten fm 
channels, and the pocket model Hy-
Scan 4 for monitoring four channels. 
The Hy-Scan 4 is the second generation 
of Hy-Gain's popular Pocket Scanner, 
and includes several new features includ-
ing individual channel lock-out, continu-
ous volume and squelch controls, ex-
ternal antenna jack, earphone jack and 
an auto-manual scan switch. All of this 
is built into the small size of 
5.5x2.5x1.2 inches (14.0x6.4x3.0 cm). 
The Hy-Scan 4 operates on four A A 

batteries and uses standard 10.7-MHz i-f 
scanner crystals. Models are available for 
30-50 MHz, 150-170 MHz and 450-470 
MHz. 

The Hy-Scan 10 is the big brother to 
the Hy-Scan 4 Pocket Scanner and 
features a rugged molded cycolac case 
with carrying handle with a flip-top 
which allows instant access for changing 
the plug-in rf modules in the single-band 
models (a three-band model is also 
available). The rf modules allow the 
choice of 30-50 MHz, 150-170 MHz or 
450-470 MHz operation. Function con-
trols include LED channel indicators, 
individual lockouts for each channel and 
automatic or manual scan select switch. 
The automatic battery charger and hide-
away telescopic antenna are built in. 
M e a s u r i n g 2 . 5 x 5 . 5 x 8 inches 
(6.4x14.0x20.3 cm), the Hy-Scan 10 
has jacks for earphone and an external 
antenna, and uses standard 10.7-MHz i-f 
crystals. 

For more information on either the 
ten-channel Hy-Scan 10 or the Hy-Scan 
4 Pocket Scanner, write to Hy-Gain 
Electronics Corporation, 8601 North-
east Highway 6, Lincoln, Nebraska 
68505, or use check-off on page 94. 

test equipment catalog 
A six-page condensed catalog featur-

ing Eico's broad line of electronic test 
and measuring instruments for labora-
tories, industry and amateurs is now 
available from Eico Electronic Instru-
ment Company. The all new catalog 
features the most popular units in Eico's 
line of over 100 electronic kits and 
factory-assembled instruments, includ-
ing oscilloscopes, VTVMs, VOMs, signal 
generators, tube/transistor testers, 
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power supplies, as well as the Truvohm 
line of multimeters. For your copy of 
this new catalog, write to Eico Elec-
tronic Instrument Co., Inc., 283 Malta 
Street, Brooklyn, New York 11207, or 
use check-off on page 94. 

TTL cookbook 
This new book by Donald Lancaster 

covers practically every aspect of TTL 
logic, shows you what TTL is, how it 
works, and how to use it in your own 
circuits and projects. In the first chapter 
the basics of TTL are given: what it is, 
how to interconnect it, how to power it, 
and so on. Chapter 2 is a catalog of TTL 
devices, giving physical and electrical 
specifications of all the devices mention-
ed in the book. Logic is covered in 
Chapter 3, starting with the usual basics, 
then going to more advanced logic 
designs. Particular attention is given to 
showing how TTL yields single-package 
solut ions to t r ad i t i ona l l y difficult 
problems. 

Gate and timer circuits are discussed 
in Chapter 4. Some practical applica-
tions are given including controlled 
oscillators, two-tone alarms, digital 
capacitance measurement, frequency 
meters, digital thermometers and others. 

Succeeding chapters take up clocked 
logic, JK and D-type flip-flops and 
applications, counters and counting 
techniques, shift-register circuits, noise 
generators and rate multipliers. The 
final chapter discusses a number of 
practical applications, including digital 
counter and display systems, events 
counter, electronic stopwatch, digital 
voltmeter, digital tachometer, and other 
digital instruments. The author suggests 
several TTL projects that the reader 
may wish to try, relying on his own 
resources. 

This book, by the same author of the 
very popular RTL Cookbook, is highly 
recommended to anyone who wants to 

KEYBORRD 
ENCODER • 

AND 

* 53 Keys 
* ASC II Encoder 
* For: Terminals 

TV Typewriters 
Calculators 
RTTY Displays 
CATV and more 

More keys—more features and still the same 
price. Our KBD-2 comes with "Line Feed", 
"Cancel" and "Escape" functions for more 
convenient teletype and computer operation. 
Two user defined keys are connected to iso-
lated output lines on the connector to allow 
use as "Here Is", or other such special func-
tions. 

Keyswitches are full typewriter travel and 
response type, arranged in a modified ANSI 
layout. Full length spacebar with equalizer. 
Keyswitches are mounted on a fiberglass cir-
cuit board. The encoder provides a standard 
ASC II output and includes a debouncer 
circuit. ASC II code includes shift and con-
trol functions with three user defined keys 
available. Keytops are first quality double-
shot molded types for permanent good ap-
pearance. Gold plated contacts on key-
switches. NEW-no surplus parts. Typewriter 
style-NOT a modified keypunch board. 
KDB-2 Kit S39.95 ppd 

5 3 DEPT H 
219 W. RHAPSODY 
SAN ANTONIO, TX 78216 
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know more about TTL ICs and how to 
use them. Published by Howard Sams & 
Company, 336 pages, soft-bound, $8.95 
from Ham Radio Books, Greenville, 
New Hampshire 03048. 

swan ssb transceiver 

You're Ahead 
when mobile with a 

Larsen KG I rod 
Gain Antenna 

• TOPS IN PERFORMANCE • 
i LOWSILHOUETTE GOOD LOOKS • 

- V.S.W.R. LESS THAN 1.3 TO 1 • 
• HANDLES FULL 200 WATTS • 

Larsen Kulrod VHF Antennas are the result 
of over 25 years of practical experience in the 
two-way radio field. They are rugged, reli-
able and built with infinite care to assure 
top performance. Models available to f i t all 
standard mounts and for all popular ama-
teur VHF frequencies. Each is equipped with 
the exclusive Larsen Kulrod, your assurance 
of maximum efficiency and no loss of RF 
through heat. Comes complete with all in-
structions. Models for 2 meters deliver a ful l 3 
db gain over 1/4 wave w h i p s . . . the420-440 
MHz and 440-460 MHz collinears. . . 5 db 

gain and full 100 watts capability. 
Sold with a full money back guarantee . . . 
the most liberal in the mobile antenna field. 
Whether you work via repeater or simplex 
you deserve to have a Larsen KOIrod. Get 

ful l fact sheet and prices, today. 

©KGItod 
a trademark ol Lai sen Electronics 

rsen Antennas 
1161 1 N.E. 50th Ave. P.O. Box 1686 

Vancouver, WA 98663 
Phone 206/573-2722 

The new Swan 700CX Transceiver, 
priced under $1 per watt, has a 700-
watt PEP input rating on single-
sideband, power enough to punch 
through QRM without need for an 
accessory linear amplifier. Frequency 
ranges span the 10-, 15-, 20-, 40- and 
80-meter bands with extended fre-
quency coverage of up to ten channels 
for MARS operation (available with use 
of an optional plug-in crystal-controlled 
oscillator). 

Operation includes selectable USB, 
LSB, a-m and CW modes with standard 
i-f filtering provided through the use of 
a 5.5-MHz crystal filter wi th a 2.7-kHz 
bandwidth having a 1.7 shape factor and 
ultimate rejection in excess of 100 dB. 
Included in the new 700CX is a built-in, 
selectable 25- or 100-kHz crystal cali-
brator. 

Other optional accessories include 
power supplies for dc or ac operation, a 
2000-watt linear amplifier, external vfo, 
a super-selective i-f filter kit, plug-in 
vox, phone patch and mobile mounting 
kits. Price of the basic transceiver is 
$599.95. For more information, write 
to Swan Electronics Corporation, a sub-
sidiary of Cubic Corporation, 305 Air-
port Road, Oceanside, California 92054, 
or use check-off on page 94. 
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a second look fish 
v 

The FCC finally released its long-
rumored "amateur restructuring" pro-
posal in mid December which, among 
other things, would create two new 
amateur license classes and re-arrange 
the frequency, power and emission 
privileges. And, as so often happens, 
early truncated reports of Docket 
20282 were rushed into print so quickly 
that they glossed over some important 
details - details which, when presented 
in the proper light, would clear up most 
of the misunderstandings which many 
amateurs apparently have about the 
sweeping new proposals outlined in the 
29-page Docket. 

First, and most important, if the 
proposal is adopted presently licensed 
amateurs would gain much more than 
they lose. True, separate high-frequency 
and vhf licenses are proposed, but pre-
sent General and Advanced Class 
licensees may obtain their counterpart 
vhf licenses simply by request. In addi-
t ion, Advanced Class licensees would 
gain use of the high-frequency radio-
telephone segments now reserved for 
the Amateur Extra Class as well as a 
maximum power l imitation of 2000 
watts PEP output, a substantial increase. 
Advanced Class licensees would lose 
their operating privileges above 29 MHz 
(including 29.0 to 29,7 MHz) but only 
until they applied for and received their 
Experimenter license, the new vhf 
counterpart to the Advanced Class 
which carries all operating privileges 
above 29 MHz. 

General Class licensees would retain 
their present operating privileges below 
29 MHz wi th a permissable maximum 
power l imitat ion of 500 watts PEP 

output. Considering the average effi-
ciency of rf power amplifiers, this re-
presents only a modest decrease from 
the present power level. To regain their 
vhf privileges above 50 MHz Generals 
would have to apply for a separate 
Technician Class license — no additional 
examinations would be required. New 
licensees would, however, be required to 
pass separate examinations for each 
class of license they desired. 

Under the new proposal the Novice 
Class license would be renewable for 
five-year terms as the other classes are 
now, and the maximum power limita-
t ion would be 250 watts input, another 
substant ia l increase. Since Novice 
licensees are limited to CW operation, 
the Commission felt that the traditional 
"voltage times current" measurement of 
input power was still appropriate; such 
is not the case wi th other, more 
advanced modes such as single sideband 
and slow-scan television. Under the new 
proposal Technician Class licensees (or 
other vhf licensees, for that matter) 
could also hold the Novice Class, an 
option not now available. 

The newest, and in some ways most 
exciting, proposal contained in Docket 
20282 is the Communicator Class 
license — a code-free amateur license 
which would offer use of all amateur 
frequencies above 144 MHz, F3 
emission only. The size of the Amateur 
Radio Service has declined measurably 
in recent years and the new Communi-
cator Class should do much to start our 
ranks growing again. Some amateurs are 
opposed to the idea of a code-free 
license simply as a matter of tradit ion, 

(continued on page 43) 
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presst@>p 
OSCAR 7 ORBITAL PERIOD has been determined to be 114.945 minutes, sufficiently 

shorter than initially reported to account for the incorrect arrival times in 
early orbital predictions. The error was NORAD's — their tracking station had 
confused the rocket's second stage with OSCAR 7! The corrected figure for earth 
movement between orbits is now 28.74° at the equator. 

Complete Updated Orbital Data for OSCAR 6 and OSCAR 7 will be provided monthly 
as an added slip-in sheet to HR Report. Copies of these predictions are avail-
able to all interested readers upon receipt of an SASE (one SASE for each month). 

OSCAR 6 Is Being Abused, and AMSAT officials are concerned. It is important 
to 6's future that it be used only during the scheduled on periods, even though 
it may be found on at other times. Limit your use of OSCAR 6 to Monday, Thursday 
and Friday (GMT) for afternoon or evening contacts, plus Sunday mornings. 

MORE MOONBOUNCE TESTS planned for February from WA6LET, using Stanford's big 
dish on 144.190 and 432.190 and listening down about 90 kHz. Operating schedule 
will be 0500-1000Z February 2 and 0000-0500Z February 23, with WA6LET trans-
mitting the first half of each minute and listening for callers the second half. 
For further details write Victor R. Frank, Stanford Research Institute, Bldg. 
320A, 333 Ravenswood Ave., Menlo Park, California 94025. 

FCC POLICY REGARDING CODED TRANSMISSIONS (Presstop, January) has been receiving 
further study at the Commission. It appears now that control signal transmissions 
will not be involved, and only telemetered data transmissions would require dis-
closure. Until specific details of a procedure for advising the FCC of your tele-
metry transmissions have been worked out, the requirement for advising local FCC 
offices has been withdrawn. Full details on the procedure will be provided when 
they become available. 

REPEATERS STILL OPERATING WITHOUT WR CALLS are about to get the axe — FCC 
believes it has now processed all on-hand applications for "grandfathered" re-
peaters, so if you are still waiting you'd better check with the FCC in Washing-
ton. FCC records show that more than forty early repeater applications that were 
returned to the applicants for further information have never come back to the 
Commission for action. 

WWV HAS ADDED USEFUL PROPAGATION INFO to its 14-minute-after-the-hour current 
radio conditions report. "K Index" refers to current geomagnetic conditions: 
1-2 is okay but watch out for 3 or 4. The-higher-the-better is the rule for 
solar flux. Anyone who plots this information on an hour-by-hour basis and cor-
relates it to conditions on the various bands might find he had developed a nice 
competitive weapon for stalking DX! 

KLM'S AD FOR NEW 2-METER TRANSCEIVER will break this month — it's a 10-watt 
PEP frequency-synthesized CW/SSB rig ideal for two-meter DXlng and OSCAR work, 
according to Mike Stahl, K6MYC. Called the ECHO II, this diminutive 8-pound 
package features a built-in noise blanker, CW break-in, and receiver RIT and 
comes set up for 145.0-145.23 and 145.77-146.0 MHz. Price is $389, and KLM plans 
some nice package deals with solid-state linear amplifiers and antennas. For more 
info write to KLM Electronics, Dept. H, 1600 Decker Avenue, San Martin, Cali-
fornia 95046. 

CENTENNIAL CALL SIGN ideas for 1976 still wanted by FCC. Ground rules are 
that special prefixes must be "self-assignable" and non-ambiguous. In addition 
to present W/WA-WZ and K/KA-KZ blocks, AA-AL, N and NA-NV may also be used. The 
catches are to avoid any presently used prefixes (KA, K8, WP and WL, for 
example) and those likely to show up as part of the restructuring effort. Send 
your ideas to Prose Walker at the FCC now as work is expected to begin on the 
project almost immediately. 
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Of the many varieties of special-purpose 
tubes which give good performance on 
the uhf bands and above, the 2C39 
remains as the outstanding candidate for 
amateur use because it is readily avail-
able and the price is right. The recent 
onslaught toward achieving high power 
on 1296 MHz is directly attributable to 
the use of the 2C39 and its derivatives. 
Numerous single-tube designs were 
initially reported in the amateur pub-
lications, followed by multiple tube 
designs1,2 and, finally, the popular 
octet of 2C39s described by Peter 
Laakmann3 in 1968. 

More recently, interest in 2304 MHz 
has been growing, and a few pioneering 
efforts to achieve reasonable rf power 
without the help of high power kly-
strons have been reported. 

This article is concerned with the 
design of a 2304-MHz power amplifier 
which uses a single 2C39 tube. Calorim-
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eter measurements show that 30 watts 
of rf power output at 25% plate effi-
ciency are achievable with a nominal 
power gain of 13 dB. The design is 
rugged and performance is stable. All of 
the parts for this power amplifier can be 
made with hand tools with the excep-

fig. 1. Plate ring for the 2304-MHz power 
amplifier. This ring is mounted on the 
output plate {fig. 2) with a 10 mil (0.25 
mm) Teflon insulating sheet. Material is 
1/8" (3mm) brass. 

tion of the cavity rings; these should be 
cut and faced off in a lathe. The 
filament and cathode socket parts were 
obtained from surplus 2C39 amplifiers. 

The only parts requiring soldering 
with a torch are the finger stock, the 
tuning bushings and the type-N input 
and output connectors. All other parts 
are screwed together, including the 
cavity rings. Like its 1296-MHz counter-
part, the 2304-MHz 2C39 amplifier uses 
cavity resonators in both the cathode 
and plate circuits. Both cavities are 
3/8-inch (9.5-mm) long. The cathode 
cavity has a 2-inch (51mm) inside diam-
eter while the inside diameter of the 
plate cavity is 1-3/4 inch (44.5mm). 

Although the cavity volumes are rela-
tively small, there is room enough for 
the 2C39, a piston tuning capacitor and 
a type-N coaxial connector if the parts 
are positioned as illustrated. By neces-
sity the 2C39 is located very close to 
the edge of the cavity. This physical 
constraint is fortuitous however, since 

the input and output impedances of the 
2C39 are lower at 2304 MHz than at 
1296 MHz. Adequate cavity coupling is 
achieved when the tube is mounted 
close to the cavity wall as shown in the 
photographs. 

The grid cavity is made of 2%-inch 
(57mm) OD brass tube with a 2-inch 
(51mm) ID. The 1/8-inch (3mm) wall 
thickness can be drilled and tapped for 
2-56 screws if reasonable care is taken. 
The original 2304-MHz 2C39 amplifier I 
built also used 2-inch (51mm) ID tubing 
for the plate cavity but a 2-inch (51mm) 
O D ring, 1-3/4-inch (44.5mm) ID, was 
slipped inside of the cavity to bring the 
resonant frequency up to 2304 MHz. If 
desired, the plate cavity ring can be a 
single unit, 2-1/4 inch (57mm) O D and 
1-3/4 inch (44.5mm) ID. 

plate assembly 
The plate assembly consists of the 

1-3/4-inch (44.5mm) ID plate cavity (fig. 

Side view of ihe 30-watt 2304-MHz ampli-
fier showing the 2C39 and output connector 
(top), plate cavity, cathode cavity and 
tuning pistons. 
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View from the plate output side of the amplifier, with and without and ZC39 installed. 

fig. 2. Dimensions for the output plate (out-
side face). Material is 0.093" (2.5mm) brass. 

1) sandwiched between the output plate 
(fig. 2) and the grid partition (fig. 3). 
The plate ring with its finger stock is 
mounted on the outside of the output 
plate with a 10 mil (0.010 inch or 
0.25mm) Teflon insulating sheet. The 
11 holes on the output plate are drilled 
30° apart on a 1-1/16-inch (27mm) ra-
dius circle. Eight of these holes are 
countersunk for flat-head 2-56 screws 
so that the plate ring will mount flush. 
The output pfate is used, in turn, as a 
template for locating the tapped holes 
in the plate cavity. Fig. 4 shows the 
plate cavity rings mounted on the out-

put plate. Note that the inner ring is 
split to clear the rf output coupler. 

The type-N output connector, which 
is made from a UG-58A chassis connec-
tor, is soldered in the 7/16-inch (11mm) 
hole on the otuput plate. The square 
mounting flange of the UG-58A is first 
cut off with a hack saw and then the 
barrel of the fitting is filed smooth. The 
mounting hole should be drilled under-
size and reamed from the outside to 
provide a slightly tapered hole which 
will provide a force fit with the connec-
tor. When assembled, the Teflon part of 
the connector should be flush with the 

Plate assembly before installation of the 
cathode cavity. 
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-SOLDER GRID FINGERS IN 
7/a" (22 mm) 01 AM. HOLE, 

t FLUSH WITH GRID PLATE 
I SURFACE (SEE TEXT) 

12 HOLES 0.112 (3 mm) D I M . 
ON 2-1/8' (54 mm I 01AM BOLT 
CIRCLE - » • AWWT-C'SINK FOR 2-56 FLAT HMD SCREIKS 7 PLACES AS SHOHWV. 
3 / / 6 " t~ DRILL 8 TAP 4-40 
01AM, \ MOUNTING HOLES-'A' 
15 mm) \ 4 PLACES 

3/16" 
(S mm) 

(105 mm) 

fig. 3. Gr id par t i t ion for the 2304 ampl i f ier . 
Material is 0 .093 " (2.5mm) brass. 

inside surface of the output plate. Use a 
propane torch to provide suff icient heat 
for soldering. Bring the output plate up 
to temperature evenly, and avoid pro-
longed application of the flame directly 
on the type-N fitting. 

The 15/32-inch (12mm) tuner bush-
ing hole in the grid partition (fig. 3) 
should be drilled undersize, and reamed 
out to provide a force fit with the 
bushing. The tuner bushing (fig. 5), ex-
tends 1/8 inch (3mm) into the plate 

OUTER RING 2-1/4' IST mm) 
OD.. 2" I D. DRILL a TAP 

2-56 12 HOLES SPACED 
30' (SEE TEXT> 

-OUTPUT COAX PLATE CAVITY / <- INNER RING 2 " tS! mm} 
CONNECTOR ROtOS / O.D., I-3/4'(44.S mm) 

1.0. SPLIT AS SNOMWL 
OUTPUT PLATE 
(FIG. 2) 

f ig. 4. Plate circui t r ing assembly (inside view 
on r ight) . 

cavity when pushed down against its 
shoulder. 

Before soldering the grid finger stock 
and the tuner bushing to the grid 
partition, lay a 9x11-inch (23x28cm) 
sheet of fine emery cloth face up on a 
flat metal surface and sand the grid 
partition flat by moving the metal plate 
back and forth over the emery cloth. 
Then polish the surface of the plate 
with fine steel wool. The other plates 
should be treated in a similar manner. 

The grid finger stock and the tuner 
bushing are soldered to the grid parti-
tion at the same time. The finger stock 
should be flush with the grid partition 
on the side facing into the plate cavity. 
When so located, the grid finger stock 
exerts a force which pulls the 2C39 into 

DRILL B TAP 3/8-32 
FULL LENGTH INSIDE 

1/2 
(I2.S mm) 

IS/32' 
{12 mm) 

t/e'-
13 mm) 

- I 
7/321 

« 5 i W 

fig. 5. Tuner bushing ( two required). Material 
is V j " (12.5 mm) brass tube. 

position so that the surface of the grid 
next to the ceramic insulation of the 
tube is held against the grid partition. 
This is critically related to the resonance 
frequency of the plate cavity. To 
achieve proper grid finger stock posi-
tion, lay the grid partition face down on 
a flat metal surface, insert the finger 
stock flush against the metal surface, 
and solder from the rear side using a 
propane torch. 

Before drilling the 12 holes on the grid 
partition for the plate cavity, mount the 
plate cavity and the Teflon insulated 
plate ring to the output plate and insert 
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„ 37B „ 
(9.6 mm) ' 

„ 5/8" „ 
(16 mm) 

fig. 6. Coaxial couplers. T w o are required, one 
for the input, the other for the output. 
Material is Vt" (6 .5mm) brass rod. 

the 2C39. Next, slip the grid partition 
into place, allowing the grid finger stock 
to hold the assembly together. Align the 
edges of the output plate and grid 
partition so they are parallel. Then, 
using a scriber, carefully mark the outer 
edge of the plate cavity on the inside of 
the grid partition. This will identify the 
exact position for the plate cavity and 
will help to properly locate the 12 
mounting holes. This is an important 
step in fabrication since it is essential 
that the grid finger stock be perfectly 
aligned with the plate finger stock. 

After drilling these 12 holes, re-
assemble the parts and mark the loca-
tions of the 12 holes on the plate cavity. 
Carefully drill and tap each hole approx-
imately 3/16-inch (5mm) deep. Use 
1/4-inch (6.5mm) long 2-56 stainless 
steel, binder-head screws to attach the 
grid partition to the cavity. 

The 3/16-inch (5mm) hole in the grid 
partition is a clearance hole for the 
output coupler (fig. 6). The center 

L • 3• (76 mm) FOR CATHODE CAVITY 
L • 3-9/16' (90 3 mm) FOR PLATE CAVITY 

fig. 7. Tuning piston (two required). 
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conductor of the N connector is fitted 
with a 1/4-inch (6.5mm) diameter brass 
rod turned down on one end to 3/16 
inch (5mm) to slip-fit into the 3/16-inch 
hole in the grid partition. The length of 
the 1/4-inch diameter portion of the 
coupler should be made a few thou-
sandths of an inch longer than 3/8 inch 
(approximately 0.378" or 9.6mm) so its 
shoulder will bear against the grid parti-
tion wall when the amplifier is assem-
bled. Before reassembling the output 
plate circuit, insert the tuning piston 
shaft (fig. 7) through the bushing from 
inside the cavity and thread the piston 
into place. 

SLOT WITH FINE 
HACKSAW-60• APART 

W i 
3/B" 

(9.5 mm) 

f 
-1.0 FOR SUP-FIT 

WITH 1/4" (6 5 mm) 
DIAMETER TUNING 
SHAFT. 

A B 
P L A T E 

SLEEVE 
5/8" 

(16 mm) 
1-1/4 ' 

(32 mm) 
CATHODE 
SLEEVE 

3/8" 
(95 mm) 

3/1" 
(19 mm) 

fig. 8. Tuning sleeves. One is required for each 
of the tuning pistons in the plate and cathode 
circuits. Material is threaded brass tubing (see 
text). 

tuning pistons 
The tuning pistons are made from 3/8-

inch (9.5mm) brass bushings from old 
volume controls and 1/4-inch (6.5mm) 
brass rods. Insert the rod into the 
bushing as shown and solder the two 
together. Clamp an electric drill in a 
vise between two blocks of wood and 
mount the 1/4-inch (6.5mm) tuning 
piston shaft in the chuck. Then, using 
the hand drill as a lathe, file the 
hexagonal surface of the bushing round. 
Also, file the end of the assembly 
smooth and true. 

The tuning pistons are screwed into 
the tuner bushing from inside of each 



cavity. The tuning sleeves (fig. 8) are 
then slipped over the 1/4-inch (6.5mm) 
tuning shafts from the outside, and 
screwed into the tuner bushings. These 
sleeves provide the necessary mechanical 
stability and also serve as rf chokes for 
the tuning pistons; the amplifier should 
not be operated without them. 

If brass tubing with 3/8-32 threads 
on the inside is not available, tap 
13/32-inch (10.5mm) ID brass tub-
ing to a depth of 5/16 inch (8mm) from 
each end as shown in fig. 5. Turn down 
the shoulder on one end by using your 
hand drill as a lathe. One of the tuning 
pistons can be used as a jig to hold the 
tuner bushing during this operation. The 
drill should be run at slow speed if a 
variable speed unit is available; other-
wise, use a Variac to adjust the speed of 
the drill. 

The discussion so far has been con-
cerned with the plate circuit assembly. 
This assembly can now be temporarily 
laid aside while the cathode parts are 
assembled. 

. Z-3/4 

-FOUR "B" HOLES 4 - 4 0 . . 
CLEARANCE TO MATCH V 
HOLES IN GRID PARTITION 

-7/8" (22 mm) HOLE TO CLEAR 
GRID FINGER STOCK OF GRID 
PARTITION 

!—1| HOLES O.m" rs mm) DIAU 
C'SINK FOR 2 - 5 6 FLAT HEAD 
SCREWS ON l-l/B- (2B5 mm) 
DIAM 

fig. 9. Grid cavity plate. Material is 0.093" 
(2.5mm) brass. 

Cathode partition before the mounting holes 
have been drilled and the heater/cathode 
connector is installed. 

Fig. 12 is a cut-away view of the 
cathode assembly showing the cathode 
plate with its cavity, the type-N input 
connector and the piston tuning capaci-
tor and tuning sleeve. The type-N con-
nector and the tuner bushing are assem-
bled and soldered in the same manner as 
described for the output plate. The 
input coaxial coupler is identical to the 
output coaxial coupler. 

Fig. 10 is an outside view of the 
cathode partition. There are eleven 2-56 
clearance holes located 30° apart on a 
2-1/8 inch (54mm) diameter circle, 
three of which are countersunk to pro-
vide a flush surface for the heater/ 
cathode assembly. These holes should 
not be drilled until later in the 
assembly. 

The four C holes serve a dual pur-
pose. They are primarily screwdriver 
clearance holes to facilitate the final 
assembly of the amplifier. However, 
they can also be used to attach support 
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Front view of the cathode partition. Notch 
on rear edge provides clearance for plate 
tuning piston. 

rods for mounting the amplifier to a 
panel. 

cathode heater assembly 
Parts from a surplus 2C39 amplifier 

were used for the heater-cathode assem-
bly shown in fig. 11. The 7/32-inch 
(5.5mm) clearance hole at the center of 
the 1-inch (25.5mm) square plate is cut 
undersize and carefully reamed for a 
force fit over the heater-cathode 
assembly. It is important that a 2C39 be 
plugged into the heater cathode 
assembly during the reaming process, 
and also when the plate is soldered in 
position. Use solder sparingly so that it 
will not flow between the serrations and 
onto the 2C39 cathode sleeve. The 
location of the square plate is critical. 
Notch one side to clear the tuner 
bushing. 

Before drilling the eleven clearance 
holes on the cathode partition for the 
2-56 mounting screws, assemble the 
heater/cathode assembly to the cathode 
partition using shoulder washers and a 
10 mil (0.25mm) Teflon insulating 
sheet. Use the heater-cathode assembly as 
a template for locating the four mounting 

holes. Drill and tap these four holes for 
2-56 screws. Then attach the cathode 
cavity to the grid cavity plate (fig. 9) us-
ing flat-head, 2-56 stainless-steel screws. 

The plate circuit assembly should 
now be mated with the cathode 
assembly. Before this can be done a 
notch must be cut on the grid cavity 
plate to clear the plate tuning shaft. 
Next, lay the grid cavity plate face 
down on the outside of the grid parti-
tion and insert the 2C39 into the plate 
assembly socket. Then plug the cathode 
partition into the cathode end of the 
2C39. If the instructions have been 
carefully followed, the face of the cath-
ode plate will mate with the cathode 
cavity ring. If it does not, shim the 
heater-cathode assembly with a 1-inch 
(25.5mm) square, thin brass sheet with 
a central clearance hole and matching 
mounting holes. 

Make sure that the sides of the 
cathode partition and grid cavity plate 

-NOTCH TO CLEAR 
PIATT TUNING 
SHAFT, 3/16 
limml DEEP 

-FOUR a 5mm) DIAM f HOLES 
TO MATCH B HOl.ES OF GRID CAVITY 
PLATE {SCREWDRIVER ACCESS) 

II HOLES C.nO'(Z*mm) OtAU 
HOLES <W 2-</S~(3* mm) OtAlt 
CIHCLE SO' APUT 

(TO mm) 

fig. to. Cathode partition. Holes marked 
with letter C are screwdriver clearance, holes 
to facilitate assembly. Material is 0,093" 
(2.5mm) brass. 
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are parallel and that they, in turn, are 
parallel with the sides of the plate 
assembly. Using a scriber, carefully 
mark the location of the cathode cavity 
on the cathode plate. This will help to 
locate the center of the 2-1/8 inch 
(54mm) diameter circle and the posi-
tions of the eleven cavity mounting 
holes. After these holes have been drill-
ed, reassemble the parts and use the 
cathode partition as a template to locate 
the eleven 2-56 tapped holes on the 
cathode cavity. 

HEATER 

HEATER CATHODE 
CONNECTOR, 

- 4 HOLES TO CLEAR 
INSULATING SHOULDER 
WASHERS, 

-INSULATING SHOULDER 
kVj55H£H 

125 5 mm) 

fig. 11. Heater/cathode assembly uses parts 
from surplus 2C39 amplifier. Material for the 
mounting plate is 0 .093" (2.5mm) brass. Use 
the mounting plate as a template to locate 
four 2-56 tapped holes for assembly with the 
cathode partition. 

Inside view of the cathode partition and 
cavity assembly before it is attached to the 
plate assembly. 

tune up 
Check the insulation under the 

heater/cathode plate with an ohmmeter 
to make sure the filament and cathode 
are insulated from ground. Also, check 
the plate socket insulation. Wire the 
amplifier as shown in fig. 13. Start the 
tune up by applying a low voltage to the 
plate, or bring the plate voltage up 
slowly with the aid of a variable-voltage 
transformer. 

Insert the 1/4-inch (6.5mm) shaft of 
the cathode tuning piston through the 
cathode tuner bushing from the inside 
of the cavity; then reassemble the cath-
ode partition (fig. 10) with the cathode 
cavity assembly. 

At this point the two major assem-
blies are complete. It is now only 
necessary to attach these assemblies 
together by threading four 4-40 screws 
through the B holes of the grid cavity 
plate into the four tapped A holes of 
the grid partition. A screwdriver can be 
slipped through the C holes to tighten 
these screws. Bottom view of tbe cathode assembly. 
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The 50-ohm resistor in the cathode 
return circuit should be adjusted for a 
quiescent (no-drive) 2C39 plate current 
of approximately 40 mA with 1000 
volts on the plate. With sufficient driv-
ing power, the plate current should 
reach approximately 120 mA. (If a 
2C39 equipped with a water jacket is 
used,4 the plate current can safely be 
driven to 200 mA.) The 0-250 mA 
meter installed in the cathode circuit 
allows the grid current to be measured 
as the difference between the cathode 
and plate meter readings. Grid current 
levels over 50 mA may be reached. 

I recommend the use of a 2304-MHz 
driver capable of providing about 5.0 
watts output to compensate for losses 
associated with interconnecting cables 
and fittings. A 2C39 doubler, using a 

-CLEARANCE NOTCH FOR 
PLATE TUNING PISTON. 

- CATHODE CAVITY 
RING. 

HEATER/CATHODE 
CONNECTOR 

OUTPUT-
COAX 

CONNECTOR 

fig. 12. Inside view (left) and cutaway view 
(right) of the cathode assembly, showing 
location of the various components. 

plate circuit identical to the one describ-
ed here, will easily provide 5 watts of 
drive power. With 5 watts of drive the rf 
power output from the amplifier should 
be between 20 and 40 watts, depending 
on the particular 2C39 used in the 
circuit.* 

Surprisingly, the power gain of most 
2C39s tried in this circuit measured 

*A Hewlett-Packard 434A Colorimetric Power 
Meter was used in conjunction with a 2- to 
4-GHz Narda 10-dB coaxial directional coupler 
for making power measurements. 

fig. 13. Fi lament, 
plate and dc bias cir-
cuits for the 2 C 3 9 
u s e d i n t h e 
2 3 0 4 - M H z power 
amplifier. t 
about 13 dB. A hot 2C39 may deliver 
over 30 watts CW output with only 1.5 
watts drive. Plate circuit efficiencies run 
between 20 and 25%. Typical operating 
conditions with air cooling may be 130 
watts dc plate power input and 30 watts 
rf output. The 2C39 plate dissipation 
would then be 100 watts and the 
efficiency 25%. 

If water cooling is used, over 40 
watts rf output can be obtained for 200 
watts dc plate input. With air cooling, 
15 seconds or more may be required 
before full power output is achieved 
once the amplifier has been previously 
tuned up hot. With water cooling the 
key-down operating temperature is 
much less than for air-cooling, and full 
power output is achieved within a few 
seconds after plate power is applied. 

By following the instructions given in 
this article, you can generate relatively 
large amounts of rf power on 2304 
MHz. Now, who has a good 2304-MHz 
eight-tube ring-amplifier design? 

references 
1. Peter Laakmann, "Cavity Amplifier for 
1926 MHz," QST, January, 1968, page 17. 
2. R. Fisher, W2CQH, C. Schaible, W2CCY, 
G. Schober, W20J, and R. Turrin, W2IMU, 
"1296-MHz Power Amplifier," ham radio, 
March, 1970, page 43. 
3. Peter Laakmann, "High-Power Linear for 
1926 MHz," ham radio, August, 1968, page 8. 
4. Mike Staal, K6MYC, "Watercooling the 
2C39," ham radio, June, 1969, page 30. 

ham radio 

16 Q3 february 1975 



bandpass filters 
for receiver 

preselectors 

Design and 

construction details 

for bandpass filters 

suitable for many 

amateur applications 

I 
in 
8 
h. 
05 
c o o> 
03 

c 
o 
t « 
> 
CO <u 

CD 

<u 
3 
C 
® > < 

'E CO 
a 
s 
co © 
o 
r»» 

o 
N 
r*. § 

IB 
3 > 
CO 
X 
v» a> 

There was a time when the capabilities 
of an amateur receiver were well sum-
marized by specifying its selectivity, 
sens i t iv i ty and stability. While the speci-
fications offered by the manufacturers 
of our present-day receivers rarely 
include much more, the parameters of 
significance to a critical operator on the 
high-frequency bands also include the 
blocking level, intermodulation levels 
and sensitivity to cross modulation. 

A severe test of an amateur receiver 
is during contest operation when a large 
number of signals are present, many of 
them quite strong. Undoubtedly the 
most extreme conditions are presented 
during the A R R L Field Day when the 
operator must fight not only extensive 
Q R M present on most of the bands, but 
must also contend with other trans-
mitters operating f rom his own location, 
often separated only a few hundred kHz 
f rom his own frequency. Designing a 
receiving system to survive such an 
environment is one of the most exciting 
and challenging problems presented to 
the devoted contest operator. 

The solution to large-signal problems 
lies in the design of the receiver front-
end. Great care must be used in deter-
mining a proper gain distribution. 
Further, the proper active devices must 
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be carefully applied to realize an opti-
mum dynamic range. Along with these 
requirements, the receiver must be pro-
tected from out-of-band signals as much 
as possible. This latter requirement is 
met with carefully designed preselection 
filters and forms the basis for this 
article. Clearly the design of bandpass 
filters is applicable to many areas other 
than receiver preselection. 

As with most areas of interest to the 
technically inclined radio amateur, the 
preselector synthesis problem can be 
approached from both a theoretical and 
an experimental point of view. In this 
article I will attempt to emphasize the 
empirical approach. However, any experi-
mental activities are markedly enhanced 
by an understanding of the basic prin-
ciples. To this end, some of the funda-
mentals of filter design will be dis-
cussed. Some practical designs are also 
presented for duplication by the 
experimenter, if desired. 

In a recent article by Nagle,1 the 
design of bandpass filters was presented 
using the classic lowpass to bandpass 
transformation. While this technique is 
extremely useful for many design prob-
lems, it is generally limited to filters 
with wider bandwidths. When you 
attempt to build filters of only a few 
percent bandwidth, you find that the 
results are often inconsistent with the 
classic image-parameter designs. The rea-
son for this is that the experimental 
results are "distorted" by the finite 
unloaded Q of the tuned circuits used in 
the filter. Hence, a more meaningful 
theoretical approach is to use "pre-
distorted" design tables which allow the 
designer to account for the unloaded Q 

SIGNAL SOURCE 

of the resonators on hand. The term 
"resonator" is used in preference to the 
more usual "tuned circuit" since the 
methods are applicable to systems at all 
frequencies from audio to the micro-
wave region. 

- » — ) h - 3 1 — 

T 

•50 

m 

fig. 1. Basic test set-up for aligning and 
evaluating filters. 

fig. 2. Single resonator filter for operation at 
7 MHz. T h e inductor, L , is 1.3 jUH, consist-
ing of 17 turns number-22 wire on an 
Amidon T-68-6 toroid core; unloaded Q of 
the inductor is 275. Response of this filter is 
plotted in fig. 6. 

measurement techniques 
Shown in fig. 1 is a generalized block 

diagram of the test set-up which should 
be used for the alignment and evalua-
tion of preselector filters. There are 
three basic parts to the system: a signal 
source, the filter being tested and a 
calibrated detector. There are a number 
of pieces of equipment which could be 
used for both the signal source and for 
the detector, depending upon the gear 
available in your own lab. 

One suitable signal source would be 
one of the many inexpensive signal 
generators on the market such as the 
Heath IG-102. However, it is quite 
important that the output impedance of 
the source be constant and known, 
typically 50 ohms. This is rarely the 
case with inexpensive signal generators. 
This problem is easily solved by insert-
ing a 10-dB attenuator between the 
generator and coax leading to the filter. 
Similarly, a vfo-controlled low-power 
transmitter covering the frequency 
range of interest would be suitable if it 
is used with a 10-dB pad. 

A l though high-frequency oscillo-
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scopes, wide-range spectrum analyzers 
or even a QRP power meter2 are all 
suitable as detectors, probably the most 
commonly available item is your station 
receiver. As wi th the generator, it is 
quite important that the input impe-
dance of the detector be 50 ohms, 
rarely the case with receivers. Again, a 
10-dB pad at the input to the receiver is 
a suitable solution. If you have great 
faith in your receiver's S-meter, you can 
use it as the output indicator. A much 
safer method would be to precede the 
receiver with a step attenuator and 

m m 

fig. 3. Equivalent circuit for modeling the Q 
of the inductor used in the circuit of fig. 4 
(see text). 

monitor the receiver output with an 
audio voltmeter. Since all measurements 
will be done with the attenuator using 
the substitution technique, the audio 
voltmeter does not need to be calibra-
ted. The attenuators described by 
Daughters and Alexander3 are very in-
expensive, easy to build, and usable into 
the vhf spectrum. 

The test equipment I use is variable, 
but typically starts with a homebrew 
signal generator with about 4-milliwatts 
output. This output is split, with one 
c o m p o n e n t feeding a frequency 
counter; the other output feeds an 
attenuation pad which then drives the 
filter under test. The output of the fi lter 
drives a step attenuator which drives a 
broadband amplifier. This, in turn, is 
applied to a square-law detector using a 
hot-carrier diode. The system is suitable 
for measurements over a range greater 
than 50 dB at frequencies up to the low 
end of the vhf spectrum. Al l measure-

ments presented in this article were 
obtained with an HP-8640B Signal 
Generator and a Tektronix 7 L I 3 Spec-
trum Analyzer, used as a detector. How-
ever, all alignment and initial evalu-
ation was done with the less exotic gear 
available in my home workshop. 

the single tuned circuit 

As an initial step in our investigation 
of filters, let's take a look at the 
common, single resonator. While this 
configuration is hardly profound, it is 
typical of the minimal preselection 
found in most of our amateur receivers. 
Secondly, many of the conclusions you 
reach in pursuing such a simple system 
are qualitatively very general and can be 
applied in building more elaborate, multi-
resonator filters. 

For our design example, the resona-
tor shown in fig. 2 will be considered. 
The coil is merely 17 turns of number-
22 enamelled wire on an Amidon T-68-6 
toroid core. This will be resonated at 7 
MHz wi th a 400-pF mica compression 
trimmer capacitor. The unloaded Q of 
this inductor was measured as 275. As 
wil l be shown, a laboratory Q-meter is 
not necessary for this measurement. 
Energy is coupled into and out of this 
resonator wi th a pair of 25-pF capaci-
tors. In all analysis, always assume that 
the filter is driven and terminated by 
50-ohm resistive sources. 

To analyze this circuit, one more 
element is needed: Some means for 
modeling the Q of the inductor. This is 
shown in fig. 3. As is well known, the 
finite Q of any lumped tuned circuit can 
be represented by either a series or 
parallel resistance connected to ideal 
inductors and capacitors. For our appli-
cation the parallel representation is more 
useful and yields Rp = 15700 ohms. 

Although I will not go through the 
details, the resonator is easily analyzed 
using classic ac circuit theory.4 First, it 
can be shown that the 25-pF coupling 
capacitors have the effect of transform-
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o 
fig. 4. T w o forms of the double-tuned reso-
nator. Capacitive coupling is used in (A) ; 
inductive coupling is used in (B). Performance 
of both circuits is identical. 

ing the 50-ohm source and load to 
parallel equivalents. In this case, the 
series 50-ohm resistor and 25-pF capa-
citor transforms to a parallel resistance 
of 16.6 kilohms in parallel with a 
capacitance just under 25 pF. The net 
load across the resonator is now the 
parallel combination of the two 16.6-
kilohm external loads and the 15.7-
kilohm resistor representing the induc-
tor losses, or, in this case, 5.5 kilohms. 
Using the equation in fig. 3 which 

relates Q to parallel load resistance, the 
loaded Q is calculated to be 95. Addi-
tional arithmetic will show that this 
filter has a bandwidth of 74 kHz and 
insertion loss of 3.7 dB. 

The data on this resonator become 
more enlightening as you consider some 
other component values. For example, 
if you change the input and output 
coupling capacitors to 10 pF, the loaded 
Qgoes up to 210, yielding a filter with a 
bandwidth of 33 kHz, but with an 
insertion loss of 12.5 dB. If you use 
50-pF input and output capacitors, you 
realize a filter with a Q of 32, band-
width of 220 kHz and insertion loss of 
only 1.1 dB. 

Probably the most significant conclu-
sion is that insertion loss must increase 
as you go to narrower bandwidths. For 
the single tuned circuit it can be shown 
that the loss is given by 

( Q l V Insertion loss = - 1 0 log10 11 - Q - J dB 

From the equation you see that filters 
with low insertion loss can be realized 
only by using resonators with a very 
high unloaded Q, or by accepting a wider 
bandwidth (i.e., reduced loaded Q). 

While all of this may seem to be 

fig. 5. Two-section, doubie-tuned filter for use on 7 MHz. Measured response of this filter 
is plotted in fig. 6. 
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quite basic and perhaps academic, it is 
quite significant, for it allows you to 
make measurements which will tell you 
a lot about your filter. For example, if 
you measure the bandwidth and the 
insertion loss of the filter shown in fig. 
2, you can then calculate the unloaded 
Q of the resonator. Alternately, if you 
use a 1-pF capacitor to lightly couple to 

sarily matched in the classic sense of 
maximizing power transfer. Similarly, if 
the input impedance of a receiver is 
specified as being 50 ohms, this means 
that the unit should be driven from a 
50-ohm source. However, the impe-
dance which would be seen by a bridge 
looking at the input may be something 
quite different. 

6.5 6.6 6.7 6.8 6.9 7.0 7.1 7.2 7,3 7,4 7,5 

FREQUENCY (MHt) 

fig. 6. Measured frequency response of the single- and double-tuned 7-MHz filters. 

the load and the source, the insertion 
loss will be 46 dB, but the measured Q 
will be within 1% of the unloaded Q of 
the system. This method of Q measure-
ment is straightforward, and applicable 
at frequencies well outside the range of 
the typical Q-meter. 

Before progressing to the double-
tuned circuit, there are a couple more 
calculations which are enlightening. If 
you disconnect the generator but leave 
the output terminated in 50 ohms, the 
input resistance seen at the input to the 
filter is about 102 ohms, and not the 50 
ohms you might expect. When working 
with filters, impedances are not neces-

In the example of fig. 2 series capa-
citors have been used to transform the 
generator and termination to resistances 
useful for loading the filter. However, 
the more common, and often more 
convenient, method is to use link coup-
ling. Toroid cores have as one of their 
virtues the asset that impedances trans-
form as the square of the turns ratio. 
Assume, for example, that a three-turn 
link were placed on the 17-turn coil and 
that the link is terminated in 50 ohms. 
The effective resistance across the coil is 
thus 

50 ( - ~ ) 2 = 1606 ohms 
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This is, of course, in parallel with any 
other loads which may be present, 
including the resistance representing the 
unloaded Q of the resonator. 

the double-tuned circuit 

Shown in fig. 4 are two forms of the 
double-tuned circuit. Although a bit 

more complicated than the single reso-
nator, it has the property that steeper 
skirts can be realized while maintaining 
a wider 3-dB bandwidth. As might be 
expected, you must pay the price of 
higher insertion loss to realize these 
assets. 

Fig. 4 A shows a capacitor for coup-
ling between resonators as well as capa-
citive coupling to the external load. Fig. 
4 B shows the use of inductive coupling. 
For fixed-tuned filters the two methods, 
or mixtures of the techniques such as 
link loading with capacitive coupling 
between resonators, are virtually equiv-
alent. However, if the filters are to be 
tuned over some band of frequencies, a 
little more care should be taken. If, for 
example, a dual-section variable capa-
citor is to be used, the scheme of fig. 4B 
should be used. If inductive tracking is 
to be used (a la Collins receivers), then 

capacitive coupling should be used be-
tween resonators. 

Consider an empirical approach to 
designing a two-resonator filter. The 
first step is to choose suitable compo-
nents. Generally, the only criterion of 
significance is that the unloaded Q be as 
high as possible. If capacitive coupling 
between resonators is to be used, it is 

< 
-> 

generally advisable to lean toward lower 
L to C ratios in the basic resonator since 
this makes adjustment a little easier. 
Once the resonators are chosen, each 
resonator is loaded lightly and equally 
and the two resonators are coupled 
lightly. The generator is set at the 
desired center frequency and the system 
is tuned to resonance. The insertion loss 
is measured and then the generator is 
tuned over the range of interest. A 
single peak is typically noted. 

If the bandwidth is too narrow and/ 
or the insertion loss is higher than 
acceptable, the coupling between re-
sonators is increased until the passband 
response begins to appear flat. If the 
coupling is increased further, a double-
humped response wil l be noted and the 
insertion loss at the center of the filter 
wil l increase. At this point, the loading 
of the two sections must be increased, 

I-IS 

T-106-2 toroid cores (approximately section 
1 4 / i H ) . Links are each 2 turns C j 35-pF trimmer capacitors 

L m 6 turns no. 2 0 enamelled on Amidon 
T-30-2 toroid core 

fig. 7. Four-resonator filter designed for the amateur 160-meter band. Measured response of this 
filter is plotted in fig. 9. 
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the filter re-resonated at the passband 
center and the coupling adjusted for a 
fairly flat response. For the class of 
filters considered in this article it is 
important to keep the loading equal on 
each section. This general procedure is 
continued until the desired bandwidth is 

7.5 dB, an acceptable figure for typical 
40-meter work. However, this much 
insertion loss would be clearly intoler-
able on the vhf bands, or even on 10 
meters. 

There is a slightly more formal, but 
extremely useful, method for adjusting 

fig. 8. Construction of the four-resonator 160-meter filter shown in fig. 7. 

obtained, always remembering that 
there is going to be a tradeoff between 
bandwidth and insertion loss. 

Shown in fig. 5 is a photograph of a 
two-section, 40-meter filter which was 
built in this manner. A pair of the 
17-turn toroids discussed earlier were 
used with a 400-pF compression trim-
mer for tuning. Loading was accom-
plished with one-turn links. A mutual 
inductor was used for coupling between 
resonators. The coupling inductor was 
one turn, about /4-inch (6-mm) long and 
%-inch (6-mm) in diameter. Shown in 
fig. 6 are the measured responses of the 
single-resonator (fig. 2) and double-
resonator filters. The superior skirt re-
sponse of the two-resonator system is 
obvious. The insertion loss of the 
double-tuned system was measured at 

a two-section, equally-loaded filter. In 
the earlier discussion of the single-
resonator filter it was noted for the 
7-MHz filter that very light loading 
occurs as you couple into the system 
with 1-pF capacitors. This was used to 
advantage in measuring unloaded Q. 
This light "probing" of a resonator is 
also used in this filter tuning technique. 

In a two-section filter designate the 
resonator driven by the generator as 
resonator A; resonator B is connected to 
the load. The two resonators are 
assumed to be identical. The following 
tuning procedure is followed: 

1. Resonator B is shorted at the hot 
end. The generator and detector are 
each lightly coupled (i.e., 1-pF capaci-
tors) in an identical fashion to resonator 
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A. This resonator is tuned for resonance 
at the center frequency and the coup-
lings to the generator and load are 
checked for at least 30-dB of insertion 
loss. 

2. The ultimate design bandwidth is 
picked and designated as BW, The coup-
ling element between resonators A and 
B is arbitrarily adjusted to some level 
and resonator A is re-trimmed for a peak 
response. 

3. While still lightly exciting at the 
center frequency and probing resonator 
A, resonator B is unshorted and tuned 
to resonance. This is detected as a large 
dip in output in the detector, often as 
much as 30 dB in tightly coupled, 
high-Q resonators. 

4. Now, the generator is detuned from 
the center frequency of the filter. As 
the generator is swept through the range 
of interest, two strong peaks will appear 
in resonator A. These frequencies are 
noted. 

5. Steps 2 through 4 are repeated with 
different adjustment of the coupling 
between resonators A and B. The cou-
pling is correct when the frequency sepa-
ration between the peaks (step 4) is BW 
x 0.707. 

6. Now, resonator B is again temporarily 
shorted. The detector is left coupled 
very lightly to resonator A. However, 
the generator is tightly coupled to the 
50-ohm generator. Resonator A is tuned 
for a peak response at the center fre-
quency and the loaded 3-dB bandwidth 
is measured by sweeping the generator. 

7. Step 6 is repeated while adjusting the 
loading until the loaded bandwidth of 
resonator A equals 0.707 BW. 

8. The detector is now lightly coupled 
to resonator B and resonator A is 
shorted. Resonator B is tightly coupled 
to the generator and the loading adjust-
ed as in steps 6 and 7 for a loaded 
bandwidth of 0.707 BW. 

The filter is now tuned. While this 
method sounds a bit cumbersome, it's 
really much easier to do than it is to 
describe. The resulting filter will have 
something close to a two-pole Butter-
worth response. As a general rule-of-
thumb, the insertion loss will be around 
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fig. 9. Measured frequency response of the 
four-resonator 160-meter filter shown sche-
matically in fig. 7. 

4 dB if the design bandwidth is four 
times the unloaded bandwidth of the 
resonators chosen. Decreasing the band-
width to just twice the unloaded resona-
tor bandwidth will increase the insertion 
loss to around 10 dB. If the coupling 
between resonators is made a bit tighter 
and the ends of the filter are loaded 
lighter, a Chebyshev response results. 
This will steepen the skirt response at 
the expense of additional insertion loss. 

four-section design examples 
As you progress to filters with more 
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than two sections, the problems also 
increase. As expected, the insertion loss 
increases as the number of resonators 
goes up. However, the skirt response 
also becomes better. In many receiver 
applications, the noise figure degrada-
tion resulting from a higher insertion 
loss makes one shy away f rom filters 
which are overly exotic. A better ap-
proach is often to place a low-gain 
a m p l i f i e r be tween a pair of 
double-tuned circuits.5 

One empirical approach to the design 
of a four-pole fi lter is illustrated in the 
circuit of fig. 7. This unit was built for 
use at W7RM on the 160-meter band. 

> 4 

The filter is tunable from 1.8 to 2.0 
MHz and has an insertion loss of 5 dB. 
The 3-dB bandwidth is 30 kHz and the 
6- to 60-dB shape factor is 4.78. Stop-
band attenuation is more than 120 dB. 

The key to the performance of this 
filter is the high-Q toroid cores chosen 
for the resonators. Amidon T-106-2 
toroids were used since they exhibit an 
unloaded Q of 330 at 1.8 MHz, a feat 
diff icult to achieve with air-core coils of 
any reasonable size. Incidentally, I have 
found the Q and inductance data 
supplied by Amidon* to be quite reli-
able and repeatable. 

The filter was built by first con-
structing two identical double-tuned cir-
cuits. They were each adjusted for 
about 2-dB insertion loss wi th 50-ohm 

"Amidon Associates, 12033 Otsego Street, 
North Hollywood, California 9 1 6 0 7 . 

terminations at each end. Then the two 
f i l t e r s were capacitively coupled 
through a small air trimmer. Final 
adjustment was done by tr imming the 
frequency of the resonators and the 
coupling capacitor for optimum pass-
band shape. The fact that one capacitive 
coupling element was used in a system 
with capacitive tracking led to a 1-dB 
variation in insertion loss as the filter is 
tuned over the band. Also, it was found 
necessary to adjust the turns spacing on 
some of the coils in order to implement 
tracking. 

The Top-Band filter is shown in the 
photograph, fig. 8. The resistors near 

< > 

the BNC coax connectors are 3-dB pads 
which were inserted to insure that the 
filter termination is always fairly close 
to being correct. This is often a problem 
on the 160-meter band where split 
frequency operation is used. Shown in 
fig. 9 is the measured response of the 
filter when tuned to the European 
160-meter "w indow" at 1830 kHz. 

Presented in figs. 10 and 11 is data for 
a filter for the 80-meter band. This filter 
was designed using the pre-distorted 
design data presented in Zverev,6 assum-
ing an unloaded resonator Q of 225. 
The measured insertion loss of 4.4 dB 
was slightly under that predicted, 
indicating that the unloaded Qs were a 
bit higher. Otherwise, the results are 
very close to the desired Butterworth 
design. Although the fi lter was designed 
and aligned at 3750-kHz, re-alignment 
at 3600 and 3900 yielded similar 

7 3.3 56 

L 35 turns no. 22 enamelled on Amidon C 2 1 0 pF, 1% silver mica 
T-68-2 toroid cores (7 JUH). Input link 
is 4 turns, output link is 3 turns C y 60-pF mica compression trimmers 

fig. 10. Four resonator filter for use on 80 meters has 100-kHz bandwidth, 4.4-dB insertion loss 
and 6- to 60-dB shape factor of 5.16. Response is plotted in fig. 11. 
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fig. II. Measured frequency response of the 

four-resonator 80-meter filter shown in fig. 10. 

results. To f i t the design exactly as the 
center frequency is changed, the cou-
pling capacitors between the resonators 
should be directly proportional to the 
t o t a l tuning capacitance in each 
resonator. 

The synthesis of multipole filters of 
narrower bandwidths or at higher fre-
quencies becomes more diff icult. The 
four-pole 80-meter filter described 
above had a bandwidth of about six 
times the unloaded bandwidth of the 
resonators, consistent with an insertion 
loss of a little over 4 dB. If a sharper 
filter is required, the only solutions are 
to accept much higher insertion losses, 

*A helical resonator has been described in the 
amateur literature as a coil surrounded by a 
shield. A more accurate description is that the 
helical resonator is a quarter-wavelength of 
special helical transmission line. This line is 
similar to coax except that the inner con-
ductor is helically wound, yielding a very low 
axial propagation velocity. Hence, an elec-
trical quarter-wavelength will be much shorter 
than an equivalent coaxial resonator. 

or to use resonators with much higher 
unloaded Q. 

Myers and Greene7 have reported on 
the construction of helical resonators* 
for the high-frequency region. For ex-
ample, a two-section filter was described 
using resonators capable of yielding an 
unloaded Q of 700 at 7 MHz. With such 
resonators a double-tuned circuit at 40 
meters would yield a 4-dB insertion loss 
with a bandwidth of 40 kHz. When 
tuned in the CW segment of the band 
there should be more than 30-dB atten-
uation over most of the 40-meter phone 
band. If proper input-output isolation is 
maintained in such a filter, the attenua-
tion to even-order, harmonically-related 
bands should be well over 60 dB. While 
such performance will do wonders for 
the typical Field-Day installation, 
proper filter adjustment is mandatory. 

Oddly, the basic problems become a 
little less diff icult as you move into the 
vhf region for it is easier to build high-Q 
resonators. The procedures are essential-
ly the same as those described, although 
the systems may look much different 
physically. The single, most important 
concept to remember at any frequency 
is that the price of narrow bandwidth 
must be paid in insertion loss. 
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principles of 
speech processing 

A discussion of 

the various 

speech processing systems, 

and some suggestions 

for further 

experimentation 

Although there is a great deal of interest 
at present in developing practical speech 
processing systems to increase the 
effectiveness of radio transmitters, the 
basic principles and problems have been 
understood since the 1920s.1-2 First of 
all, most speech falls within a frequency 
band of a little over three octaves 
around the range from 300 to 3,000 Hz, 
and most of the speech energy is con-
centrated in the lower octave of the 
range. These lower-frequency sounds 
contribute to the individual timbre of 
the voice but have little to do with the 
intelligibility of speech. Furthermore, 
most speech intelligence is carried in the 
band around 1 kHz in most voices. Most 
ears are most sensitive around this band, 
too. 

Speech has a high ratio of peak-to-
average energy. The peaks may be 
clipped until the speech envelope ap-
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proaches a series of square waves at 
clipping levels around 30 dB, where 
speech is still readily intelligible al-
though unnatural sounding. Due to the 
wide range of individual voice character-
istics, languages and dialects used there 
is no agreed index of intelligibility,2 

and optimal speech processing systems 
must be tailored to the individual voice. 

Practical speech processors are 
designed to take advantage of all or 
some of these facts. In communications 
practice the designer is prepared to 
sacrifice voice fidelity for increased 
communication effectiveness, but it 
should be kept in mind that very subtle 
processing techniques are part of the 
normal practice in recording and broad-
casting studios where the object is to 
keep maximum fidelity of sound within 
the limits of the transmission medium. 
These systems are well worth study by 
anybody developing communications 
speech processors. 

frequency shaping 

Since most of the speech energy is 
concentrated in the lower part of the 
voice frequency range and contributes 
little to the transmitted intelligence, it 
follows that an immediate increase in 
the transmitter effectiveness will result 
by ensuring that the transmitter speech 
amplifier has a falling bass response. The 
higher-frequency speech components 
above 2.5 kHz contain little energy or 
intelligence and are normally restricted 
in communications systems to reduce 
the t ransmiss ion bandwidth. In ssb 
transmitters the extreme high and low 
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voice components are usually attenu-
ated by the sideband filter. Moreover, 
communications microphones are gen-
erally designed to emphasize the 
essential mid-range voice frequencies. 
Nevertheless, some advantage can be 
expected by designing the speech ampli-
fier so that it has a frequency response 
similar to that shown in fig. 1 where the 
slope is 12-dB per octave below the 
knee point at 1.1 kHz.3 

Good results are also reported by 
Schmitzer4-5 using a speech processor 
with a preamplifier having a passband 
resembling fig. 1 with a slope of 6-dB 
per octave below 2 kHz, increasing to 
12-dB per octave below 300 Hz. 

It is impossible to predict the in-
crease in effective communication 
power due to frequency shaping alone 
since individual voices vary, but it is safe 
to say that the advantage will increase in 
proportion to the deepness of the voice 
and the bass response of the micro-
phone. Subsidiary advantages include a 
reduction in ac supply hum and other 
low-frequency noise which become a 
severe problem when high levels of 

100 200 300 500 700 I* 
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fig. 2. Frequency response of an amplifier that 
places a notch between the lower and middle 
speech bands. Theoretically this should give 
improved intelligibility, especially if the two 
channels are independently clipped and then 
summed together. 

100 300 500 700 I* 

FREQUENCY IHt) 

4* 

fig. 1. Frequency response of a speech pro-
cessor with 12-dB per octave rolloff below 1.4 
k H z and sharp rolloff above 2 k H z . 3 

compression or clipping are used follow-
ing the microphone amplifier. 

Listening to transmissions on the air 
leads one to believe that many signals 
would have improved intelligibility if 
the size of the coupling capacitors in the 
speech amplifiers were reduced, a simple 
and inexpensive modification. 

There is room for experiment in even 
more radical shaping of the audio band-
pass. For example, it's possible that the 
introduction of a slot into the audio 
bandpass in the region of 700 Hz, so as 
to split the band into two parts as 
shown in fig. 2, would permit a gain in 
intelligibility for a given power. By 
juggling the output of the upper and 
lower channels the best trade between 
intelligibility and naturalness for a par-
ticular voice and style of operation 
should be possible. How wide or deep 
the slot should be made (or if it should 
be made at all) is a matter for urgent 
experiment. 

Frequency shaping alone will give 
advantage in any form of voice trans-
mission, but speech pre-emphasis be-
comes imperative if any form of com-
pression or amplitude limiting (clipping) 
is used in the system. In fact, any device 
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of this type that does not use pre-
emphasis is failing to make the best use 
of its possibilities and demonstrates a 
lack of understanding of the principles 
outlined in the first paragraph of this 
article. 

OUTPUT TO 
MODULATOR 

AUDIO 
INTEGRATING 
NETWORK 

fig. 3. Block diagram of a simple audio 
compressor. 

dynamic compression 
Since the amplitude of the energy 

peaks in speech are much higher than 
the average energy level, and we know 
that reducing this dynamic range has 
little effect on intelligibility wi th in wide 
limits, it follows that some increase in 
effective communications power should 
be possible by applying automatic gain 
control (age) to the audio amplif ier 
section of your ssb transmitter. All 
dynamic compressors work by feeding 
back a control voltage f rom some later 
stage of the system so that gain is varied 
in such a way that the output level is 
held more or less constant. 

The automatic level control (ale) 
used in many ssb transmitters functions 
as a dynamic compressor. Many of these 
systems work by taking a small control 
voltage f rom the grid circuit of AB1 
tetrodes which is developed as the tubes 
run into grid current. Thus, as the tubes 
are pushed into AB2 , the speech enve-
lope of the ssb signal is rectified and fed 
back to an earlier amplifier, reducing its 
gain, tending to compress the trans-
mitter output. Many amateurs run their 
transmitters well into ale and thus have 
a certain level of compression wi thout 

realizing it. When additional speech pro-
cessing is added to the system the result 
may not be as good as expected since 
the system is already providing some 
compression. 

Running such transmitters into ale is 
a questionable practice. No figures on 
intermodulation products emitted by 
equipment as it runs into ale seem to be 
available. The distortion level on the 
verge of A B 2 operation need not neces-
sarily be high so long as certain design 
considerations are met: notably low 
impedance and good regulation in the 
grid bias system. But most ale systems 
run by virtue of having a considerable 
impedance in the grid circuit over which 
the ale voltage is developed and there is 
likely to be a sudden rise in splatter 
products as ale operates. 

Audio compressors acting on the age 
principle have been critically discussed 
elsewhere5-6 and many practical designs 
have been descr ibed. 7 - 8 ' 9 Wi th sophisti-
cated designs intelligibility in noise may 
be increased up to about 4 dB. The 
chief disadvantage of simple com-
pressors is that in the intervals between 
words the gain rises and, thus, back-
ground noise appears to rise. Tailoring 
the t ime constants in the age loop 
cannot give a very high modulat ion 
index: if the t ime constant is fast 
enough to fol low the fast speech sounds 
then the system is pushed into clipping 
and heavy distortion can occur. A slow 
t ime constant means that initial sounds 
overmodulate before the system can 
compensate for them. 

Compressors, especially those with-
o u t c a r e f u l audio-frequency pre-
emphasis, may actually degrade the 
intelligibility of the transmitted signal 
while appearing to put out more power 
since a receiver S-meter may read con-
siderably higher due to the fact that the 
compressor is integrating background 
noise into the transmission. 

audio clipping 
Like an audio compressor, an audio 
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amplitude fimiter is an apparently 
simple device that may be inserted in 
series with the transmitter microphone 
input. If used intelligently it is possible 
to obtain at least 6-dB increase in 
effective power, equivalent to an input 
power increase of four times, albeit with 
considerable loss in the natural quality 
of the voice.1 0 Properly adjusted audio 
clippers prevent overdriving later trans-
mitting stages. 

Al l clippers operate by setting up a 
stage that will pass signals up to a 
certain amplitude but limit all signals 
greater than this level. The net effect of 
this is to put a flat top on the speech 
envelope which, at extreme clipping 
levels, approaches a train of square 
waves. Fourier analysis and practical 
experience show that a square wave 
with a 1:1 duty cycle generates the 
fundamental plus odd harmonics. If the 
square wave becomes even slightly 
asymmetrical even harmonics appear, so 
it follows that care should be taken to 
ensure that the clipping action is truly 
symmetrical. 

Many published designs are open to 
the criticism that the clipping is 
accomplished by a simple pair of diodes. 
For the system to show its full capabili-
ties some care must be given to the 
design of the clipper. Carefully matched 
silicon diodes with forward bias may be 
adequate, but a better approach is to 
use a true differential amplifier clipper 
as shown in fig. 4. Another approach is 
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fig. 4. Differential amplifier clipper that pro-
vides gain as well as precise and symmetrical 
clipping. 

to use an operational amplifier-clip per 
as shown in fig. 5. These have the 
additional advantage that they produce 
gain as well as limiting. 

The high-order products produced by 
audio clipping can cause splatter. The 

fig. 5. Operational amplifier used as an active 
audio clipper. 

low-order products fall within the 
speech passband itself and cause distor-
tion of the speech. This is one of the 
limiting conditions of audio clipping 
since it is clear that a point will be 
reached where increased clipping 
generates sufficient distortion products 
for intellibigility to drop. It is for this 
reason that frequency response shaping 
becomes so important in this system: if 
low-frequency speech components are 
reduced by a preamplifier with a band-
pass like that shown in fig. 1, higher 
clipping levels can be obtained for a 
given degree of distortion. 

split channel audio clipping 
Another approach to the distortion 

problem in audio speech clippers is to 
divide the speech spectrum into bands 
which are independently clipped and 
filtered. The general idea is shown in the 
block diagram of fig. 6. Although I have 
not been able to trace a detailed discus-
sion of this system, one reference14 

gives a performance curve of such a 
device showing results comparable to an 
rf clipper up to 30-dB clipping level. 
Another device of this type is under 
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development by R. Newsome11 but fu l l 
results are not yet available. 

Another advantage of splitting the 
speech into channels in this way is that 
by adjusting the gain of each channel 
the system can be easily optimized for 
individual voice characteristics, the dis-
advantage of this system is the increased 
complexity. Nevertheless, i t is com-

ISOLATION AND GAIN BANDPASS 
ADJUSTMENT FILTERS 

fig. 6. Block dia-
gram of a split 
c h a n n e l audio 
clipper permit-
ting high clip-
ping levels wi th 
r e d u c e d dis-
tortion. 

posed of inexpensive components and is 
an obvious project for amateur experi-
menters since it can be set up wi th fairly 
elementary test gear. 

At first glance it seems a simple job 
to get rid of the high-order clipping 
products that fall above the speech 
band. Note that it is also necessary to 
cut off the upper speech frequencies 
prior to the clipper; otherwise they 
would interact with the high order 
harmonics and produce further inter-
modulation products that fall in the 
desired passband. The problem is to 
produce a fi l ter that sharply attenuates 
frequencies above about 2.5 kHz. Such 
a steep filter requires either high-Q LC 
circuits or active RC filters. Filters of 
this type tend to overshoot (ring), and 
in this application this means that when 
each clipped wavefront passes through 
the fi lter, spurious pulses are generated 
which overload the subsequent stages. 

It is clear that the lowpass filter 
following the clipper must be designed 

with considerable sophistication if satis-
factory operation is to be achieved. This 
problem has been discussed else-
where.4-5 One solution is to use a 
passive filter section preceding the 
active fi lter. By careful choice of values 
it is possible to achieve an attenuation 
of around 20 dB per octave above 3 kHz 
with litt le overshoot. Such filters should 

CLIPPERS BANDPASS 
FILTERS 

- t t 500Hz -JHHi -

-1* 1kHz - SkHr — 

be checked for ringing by feeding 1-kHz 
square waves through them. 

In summary, it can be said that audio 
clipper-filter type processors can be 
made to give a very good account of 
themselves, but considerable care must 
go into their design. A good example 
wil l be as intelligible as an rf clipper up 
to about 20-dB of clipping although the 
rf clipper wil l sound much nicer. A bad 
audio clipper wil l sound awful long 
before 20-dB clipping is reached and, 
like some compressors, may result in a 
bigger but less readable signal. Com-
pared wi th a ful l rf clipper the single-
channel audio clipper shows advantages 
of cost-effectiveness and may be easily 
transferred from one rig to another. 
Audio clippers work well on fm, too. 

rf clippers 
Since rf clippers have been discussed 

at length elsewhere,10-12> l 3 they wil l 
not be discussed in detail here. It is worth 
noting, however, that few of the discus-

OUTPUT 70 
TRANSMITTER 
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sions on rf ctipping mention audio pre-
emphasis as described in this article. If 
audio-frequency shaping is added to an 
rf clipping system increased effective-
ness will result. 

It is remarkable how little work has 
been cjjpne on the most elementary form 
of rf "clipping: clipping the double-
sideband signal after the balanced 

undesirable feature that as the diodes go 
into clipping they load both the filter 
and the balanced modulator. This must 
add distortion to the signal. A more 
sophisticated system would be to use 
isolating amplifiers between the modula-
tor, clipper and filter with a proper 
differential amplifier clipper. Fully 
developed, the results should be at least 

RX MIXER 

CONTROL UNE B* 
-toovnx, ov xur 

fig. 7. Simple diode clipper operating upon the double-sideband suppressed carrier signal prior to 
the filter in a Yaesu FT-200 transceiver. Diodes are unbranded high-speed computer types. 

modulator and prior to the existing ssb 
filter. A practical circuit using this 
system is given in fig. 7 and has been a 
great success at ZL1BN; a Vaesu FT-200 
so fitted ran up nearly a million points 
for a national win in the 1971 A R R L 
DX test, not to mention wins and places 
in other contests. With the microphone 
gain up full, the output reads over twice 
normal without running into ale while 
voice quality is excellent. Note that the 
coupling capacitors in the speech ampli-
fiers have been reduced. 

This unit represents the greatest in-
crease in transmitter effectiveness per 
unit cost I have ever seen. Certainly it 
doesn't have the potential of formal ssb 
clipping, but heavier clipping of any sort 
would probably show up the limitations 
of the power-handling capability of the 
sweep-tube finals. As things stand they 
go on year after year without replace-
ment. 

The system shown in fig, 7 is about 
as primitive as one can get and has the 

as good as the best possible audio 
processor. 

It is worth remembering that what-
ever system is used, extraneous noise 
becomes more and more prominent in 
the transmitted signal as clipping levels 
rise beyond 20 dB or so. It is possible to 
reduce environmental noise to a degree 
but it is quite a trick to talk without 
breathing.* This is a consideration to be 
taken into account before scrapping a 
system with moderate clipping for one 
that might provide more. For praetical 
purposes 30-dB clipping can be taken as 
an upper limit. 

It is generally recognized that the 
final amplifying chain of the transmitter 
must have sufficient power capability to 
take the increased duty cycle of clipped 
speech ssb. Apart from the risk of 
thermal breakdown of components, 

*lt would be good practice to precede the 
clipping stage with a squelch circuit to elimin-
ate background noise between speech syllables. 
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operators should check the dynamic 
characteristics of the final amplifier 
stage by running a series of dots and 
dashes from an electronic key and 
examining the envelope of the CW 
output wi th an oscilloscope. Waves in 

frequency and then converted back to 
audio and fed into the microphone jack 
of an unmodified transmitter (as in fig. 
8) . This system has most of the virtues 
of both rf and audio clipping and it is 
surprising that amateur versions are not 

fig. 8. Block diagram of a speech processor in which the clipping is done at a low radio frequency 
and then converted back to audio to be fed to the microphone input of a transmitter. 

the top of the pulses are usually a 
symptom of poor dynamic regulation in 
the power supply and imply a rapid in-
crease in spurious output f rom the trans-
mitter if run at full bore on clipped ssb. 

other systems 

In the speech-processing circuit used 
in the commercial Comdel processor15 

the signal is processed at a low rf 

common in the l i terature.1 6 Since the 
cost of ceramic filters for 4 5 5 kHz is 
dropping relative to the cost of many 
other components this system would 
compare very favorably wi th the more 
elaborate audio speech processors in 
cost-effectiveness. This would seem to 
be the method of choice for the experi-
menter wanting to increase communica-
tion power without making internal 
changes to his ssb transmitter. 
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phase-locked 
loop 

RTTY terminal unit 

Easy to build 

phase-locked loop 

RTTY terminal unit 

uses only three ICs 

and requires no 

tuned circuits 

Here's a simple RTTY terminal unit 
which should interest both the beginner 
and the old timer. It is easy to build and 
adjust, and does a good job of copying 
both wide and narrow shift. The circuit, 
shown in fig. 1, uses a 741 op-amp IC, 
U1, as a limiter, an NE565 phase-locked 
loop, U2, another 741, U3, as a voltage 
comparator or slicer, and an MJE340 
keying transistor. 

This terminal unit requires no filters 
because it works on the fm principle. 
Although the theory of the phase-
locked loop has been covered exten-
sively elsewhere, a short discussion will 
be helpful. Simply stated, the incoming 
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signal locks onto a voltage-controlled 
oscillator, the oscillator frequency is 
placed between the frequencies of the 
mark/space tones. As these tones alter-
nate, the output of the PLL can be 
made to produce plus and minus 
voltages by connecting a voltage com-
parator to the output of the NE565. 
This plus and minus voltage corresponds 
directly to the mark/space tones and 
can be used to key the loop circuit of 
your teleprinter. 

This method of RTTY demodulation 
has the advantage of requiring no tuned 
filters and wil l tolerate considerable 
dr i f t and copy shifts f rom 170 to 850 
Hz simply by properly tuning in the 
signal. 

Construction of this circuit is not 
critical and a perf board wil l serve quite 
well.* A regulated power supply provid-
ing ±10-12 Vdc is required. A tuning 
meter is required and the simplest is a 
zero-center milliammeter w i th suitable 
dropping resistor as shown in fig. 1. It 
indicates a plus current on mark and a 
minus on space. When receiving a prop-
erly tuned FSK signal the needle tends 
to hover around the zero center. If a 
zero-center milliammeter is not avail-
able, use a vtvm set to about 25 Vdc 
and advance the needle to center scale. 

*Just prior to publication the author advised 
that he has designed a PC board for this PLL 
terminal unit. Undrilled circuit boards are 
available f rom his for $4.75 each. Complete-
ly wired and tested units are available for 
$25.95. Editor 
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alignment 
Adjustment is easy: after connecting 

the loop voltage and the power supply 
to the terminal unit, check the plus and 
minus voltages. These can be f rom 10 to 
12 volts but should be w i th in 0 .5 volt. 
The input can be 500 ohms or the 
speaker output f rom your receiver. 
Close switch S1, tune in a good, steady 
narrow-shift R T T Y signal, preferably 
running a tape. The received tones 
should be in the vicinity o f 1 5 0 0 Hz. 
This can be done by ear and is not at all 
critical. Set potentiometer R1 at the 
end of rotat ion (maximum resistance). 
The zero-center meter should read ap-

advanced further the meter needle will 
move toward the minus side and the 
machine will eventually run open. 

With a little tuning practice and 
watching the meter a signal can be 
tuned in wi th no di f f icul ty . Af ter a 
while you may want to adjust R1 
slightly one way or the other to receive 
signals better at some slightly different 
tone. However, once it has been proper-
ly set it need never be changed. Wi th the 
audio input off the vco can be heard by 
connecting headphones between pins 
4-5 of U2 and ground. 

It is possible to receive both wide 
and narrow-shift R T T Y wi th one setting 

SZM *12V 

proximately zero or a little on the plus 
side. Now advance R1. The meter 
should move more to the plus side and 
flicker back toward zero. If it does not, 
change sidebands if you are receiving in 
the ssb mode. 

If receiving in the CW mode, move 
the bfo to the other side. Open switch 
S1 and turn on the teleprinter. As R1 is 
further advanced a point wil l be reached 
where the machine will begin to print 
and the needle of the meter will stay 
pretty near zero during copy and maxi-
m u m plus on mark/hold tone. This is 
the proper adjustment for R1. As R1 is 

of R1, but if the circuit is adjusted to 
receive narrow-shift, wide-shift R T T Y 
signals are sometimes hard to tune wi th 
t h e same setting. However, since 
narrow-shift is generally used now, one 
setting for it should suffice. If you 
expect to regularly copy both shifts, it 
would be a good idea to install a second 
potentiometer with a switch to select 
either wide or narrow shift. 

Switch S I should be closed while 
tuning as random receiver noises and 
other stations will produce garble. It 
must also be closed when transmitting. 

ham radio 
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Fairchild Semiconductor has recently 
introduced the 11 COO family of sub-
nanosecond logic for instrumentation 
applications. The entire family is voltage 
compensated to improve noise margins 
and eliminate the ±2% power-supply 
regulation requirements of uncompen-
sated ECL ICs, thus making system 
design much more simple. Isoplanar II 
processing is used to achieve maximum 
speeds and keep die size to a minimum. 
At this writing the logic family consists 
of only about six devices, but two of 
these should be of immediate interest to 
the amateur. 

GHz prescater 
The 11C05 is an asychronous divide-

by-four counter which operates from a 
single power supply and features toggle 
rates in excess of 1000 MHz over the 
entire 0°C to +75°C temperature range. 
The input may be ac or dc coupled so 
that either an input amplifier or a 
simple biasing network may be used. 
The single rail power requirement allows 
the use of a +5 volt supply in predomin-
ately T T L systems. The 11C05 will 
toggle with a sinusoidal input to a 
minimum of about 25 MHz, or, with a 
square-wave input having fast edge rates, 
to dc. A circuit showing the 11C05 in a 
divide-by-forty uhf prescaler appears in 
fig. 1. The many owners of existing 
95H90 vhf prescalers will be pleased to 
note that the 11C05 can be directly 
interfaced to their present circuits with 
a minimum of modifications. 
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fig. 1. Divide-by-40 prescaler for use to above 1000 M H z uses 11 COS divide-by-4 counter and 
95H90 decade divider (unused C P input is tied to ground). Ac-coupled 11C05 input requirements 
vs frequency are plotted as shown in fig. 2. 

As shown, with an input amplifier 
(an Amperex A T F 4 1 7 was used in one 
design), the input sensitivity is better 
than 50 millivolts rms to above 1000 
MHz. The 10k resistor from pin 4 to 
ground is included to eliminate noise 
triggering in the middle frequency 
ranges. A glance at fig. 2, a plot of input 
sensitivity vs frequency, shows that this 
is necessary. Fig. 2 also shows that no 
input amplifier is necessary between 
about 150 and 800 M H z if a minimum-
cost design is desired. The function of 

the remaining termination and bypass-
ing components associated with the 
11C05 is obvious. 

The balance of the prescaler consists 
of the 95H90 in a standard configura-
tion with the 2N5771 used as an ECL-
to-TTL level translator capable of driv-
ing one unit load. Although the diode 
used from the 2N5771 base to the Q 
output of the 95H90 was a low-
capacitance 1N4149 type, the more 
common 1N4148 should perform satis-
factorily. 

75' C 7 ̂5 *c 
/ y / i / / j ' / 

/ 
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INPUT FREQUENCY fMHl) 

fig. 2. Ac-coupled input requirements for the Fairchild 11C05 1000-MHz divide-by-4 counter. 
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The less popular 95H91 divide-by-
five counter may be directly substituted 
for the 95H90 with no change in wiring. 
This results in a divide-by-twenty pre-
scaler suitable for use with counters 
capable of 50 -MHz input frequencies 
and offers some additional advantages, 
e.g., mental multiplication of the 
counter reading by two is easier than 
multiplication by four. Also, a simple 
timebase divider can be built to double 
the gate time and yield the correct 
display. 

uhf prescaler 
The 11C06 is a 700-MHz type-D 

flip-flop. When used as shown in fig. 3, a 
divide-by-twenty uhf prescaler with tog-
gle rates in excess of 550 M H z from 0°C 
to +75°C is the result. Again, an ampli-
fier or an input biasing scheme may be 
used. A n unamplified input was chosen 
for this design to illustrate its simplicity 
and also its adaptability to the 11C05. 
This circuit may also be used with 
existing 9 5H90 designs, or a 95H91 
could be substituted to build a uhf 
decade prescaler that eliminates the 
need for mental gymnastics or time-base 
modifications. The only concern is that 
the counter must accommodate the de-
sired maximum frequency divided by ten. 

operation 
As noted above, when either of these 

prescalers is used with most counters, it 
will be necessary to multiply the reading 
by the scale factor or to build a simple 
binary divider and insert it into the 
circuit between the crystal and the 
existing divider chain. This divider 
should then be switched into operation 
anytime the prescaler is in use. A n 
unused set of contacts on this switch 
could be used to reposition the 
counter's decimal point one place to the 
right to reconcile the decade of division. 
The only drawback to the time base 
extension is the doubling of the gate 
time which results in a two-second gate 

and a four-second wait for display up-
date. However, to most people, the cor-
rect display is probably worth the wait. 

No 1296-MHz signal source was avail-
able for testing, so it is not known 
whether the 11C05 prescaler can be 
used at this frequency. However, it 
appears that some devices would oper-
ate successfully, particularly at lower 
temperatures. 

I N P U T BIAS NETWORK IOD 500 
—wv vvv 

2 _ __ TO 95H90 
PIN ONE 

fig. 3. The Fairchild 11C06 700 -MHz type-D 
flip-flop may be used with a 9 S H 9 0 decide 
counter to build a divide-by-20 prescaler, 
{unused C P and D inputs are ties to ground). 

conclusion 
In summary, the Fairchild 11C00 

series of sub-nanosecond logic has ex-
tended the range of digital techniques 
beyond 1000 MHz. As additional ele-
ments such as phase-locked loops, wide-
band amplifiers, phase and frequency 
comparators, etcetera, are added, the 
applications base will broaden to in-
c l ude commun icat ions , frequency 
synthesis and data handling. In small 
quantities the 11C05 is $87.90 and the 
11C06 is $21.97; both are available 
through franchised Fairchild distributors. 

ham radio 
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fm channel scanner 
for the 

Heathkit HW202 

Adapting K2ZLG's 

popular vhf scanner 

circuit to the 

Heath HW202 

The scanner described by K 2 Z L G in the 
February, 1973, issue of ham radio can 
be built into the popular Heathkit 
HW202 vhf transceiver at a cost of 
about ten dollars, making a fine addi-
t ion to the unit. It is extremely useful 
when mobi l ing in areas of light two-
meter act ivity and saves wear and tear 
on the channel-selector pushbuttons (as 
well as the operator's fingers). 
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The circuit in fig. 1 is essentially the 
same as that described by K 2 Z L G . 
However, all parts not required for 
operat ion wi th the HW202 have been 
el iminated. One unexpected but for-
tunate parts saving resulted f rom the 
discovery that power can be suppl ied to 
the scanner by connecting it in series 
w i th the lamp that i l luminates the panel 
meter. This results in less battery drain 
than when the circuit is powered by a 
separate voltage-dropping resistor and 
zener diode. Somewhat less than the 
op t imum five volts is suppl ied to the 
ICs, but due to the relatively slow 
toggling speed, no problems have been 
encountered. 

The lamp behind the meter, however, 
bl inks a bit w i th the scanner's fluctu-
ating load; if this bothers you, a zener-
regulated supply can be installed. To 
operate the receiver in the scan mode, it 
is on ly necessary to turn on the scanner 
power and depress one of the channel 
selector buttons part way so that all 
three are unlatched. If you wish to 
manual ly select one of the channels, 
power to the scanner must be removed 
so that two crystals cannot be switched 
in at the same time. 
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construction 
The scanner is designed to fit into 

the space normally occupied by the 
optional Heath tone-encoder kit. If you 
have already installed the tone encoder 
you might be able to mount the scanner 
externally. However, it would be better 
to consider outboarding the tone en-
coder due to the number of leads 
involved with the scanner circuit. 

toggle switch with a shank long enough 
to go through one of the holes in the 
sub-panel and also reach through the 
plastic strip. 

Another amateur who modified his 
unit obtained a small slide switch from a 
hobby shop which worked as well and 
mounted nicely on the plastic strip. 
Either way, a little care is required to 
get everything to fit together properly 
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SELECTOR SWITCHES 

-O TV * 12 V 

/ 7 7 fig. 1. The K 2 Z L G scanner circuit modified for use with the 
Heath HW202 fm transceiver. 

The parts were assembled on a 
printed-circuit board which was tested 
for correct operation before permanent-
ly mounting it inside the transceiver. 
There is nothing critical about it, and 
hard-wired or perf-board construction 
will work as well as printed circuitry. 

The LEDs and the scanner on/off 
switch were mounted on the plastic 
filler plate which was removed from the 
front panel. Holes were pierced in the 
plastic strip and the LED leads were run 
through the holes and extended through 
a hole in the sub-panel with color-coded 
wires. The color code was matched to 
similar wires connected to the channel 
switches. The on/off switch is a small 

without shorting any of the LED leads 
during assembly. Be sure to observe 
polarity when connecting the LEDs. 

It is necessary to partially remove 
the front panel for easy access to the 
receive channel pushbuttons. After you 
get to them, connect a color-coded wire 
to each of the two unused lugs at the 
bottom rear of each of the three 
channel buttons. Then bring all six wires 
out to the side of the chassis and 
reassemble the switches and the front 
panel. It is helpful during the debugging 
process if you make these wires fairly 
long. They can be easily shortened later. 

The scanner input lead is connected 
to the base circuit of Q107, the squelch 
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emitter fol lower. The upper end of 
R174 , an 8 2 k resistor, is a convenient 
point to make this connection wi thout 
removing the receiver circuit boards. 

As mentioned before, power is ob-
tained f rom the lamp circuit. This is 
easily done by removing the ground 
connection f r o m the base of the lamp 
and connecting the positive input of the 
scanner board to this point. 

testing 
When all the connections have been 

made and power applied to the trans-
ceiver, the LEDs should light in sequence 
from left to right. Manually opening the 
squelch, or an incoming signal on any 
channel, should stop the searching 
action. Y o u may have to adjust the 
value of the 4 7 0 k resistor in the squelch 
input circuit slightly, depending on the 
gain of the transistors used on the 
scanner board. The rate at which the 
scanner operates can be adjusted by 
changing the value of the t iming capaci-
tor in the 7 4 0 0 clock circuit. The 39-juF 
value results in a scan rate of about six 
channels per second. 

circuit noise 
After getting the scanner in opera-

t ion, you may notice a clicking noise 
that can be quite annoying, especially in 
a quiet room. These clicks are simply 
key clicks f rom the switching oscillator 
stage in the receiver and can be reduced 
by connecting a 2700-ohm resistor f rom 
the base of transistor Q 1 1 6 to ground 
(the oscillator stage). The resistor will 
reduce the transistor's forward bias dur-
ing the t ime the scanner is moving f rom 
one channel to another. In addit ion, the 
emitters of transistors Q 1 0 9 and Q 1 1 0 
are returned to ground through R 1 8 3 
which is grounded to a port ion of the 
PC foil shared by the oscillator stage. A 
680-pF capacitor f rom the emitters of 
Q109 and Q 1 1 0 to the nearest ground 
on the circuit board should completely 
eliminate the clicks. 

ham radio 

a second look (from page 4) 
while others are opposed because a large 
number of Communicators on our vhf 
bands would create undesirable crowd-
ing and interference. Remember, how-
ever, that our vhf allocations are very 
susceptible to raiding by other radio 
services — a healthy and growing 
amateur population is probably the most 
effective weapon we have. 

If the proposed regulations are 
adopted, the wri t ten examination for 
the Advanced Class will apparently be 
essentially that which is now required 
for the Amateur Extra Class. If you've 
been thinking about going for your 
Advanced ticket anyway, perhaps now 
is the t ime to consider it seriously 
because the present examination is 
probably considerably easier than the 
new one wil l be. And, if the new 
regulations are adopted, the only privi-
leges the Advanced Class wil l be denied 
are the small high-frequency CW seg-
ments which will continue to be 
reserved for the Extra Class. 

Under the new scheme, incidentally, 
the Extra Class exam will consist only 
of a 2 0 w p m telegraphy test. This class 
will carry both high-frequency and vhf 
privileges, and will be issued for life 
(only the station license need be re-
newed every five years). The new regula-
tions will also give Technicians full six-
and two-meter privileges (50.0-50.1 and 
144-145 M H z ) , so nearly everybody 
gains. 

Docket 2 0 2 8 2 is probably the most 
far-reaching proposal affecting amateur 
radio which has ever been issued by the 
FCC, and it deserves the attent ion of all 
of us. Since copies of the complete 
Docket have been sent to all the sub-
scribers of ham radio, and the A R R L 
has sent copies to all their affi l iated 
radio clubs, the material is widely avail-
able. Read it, then stand up to be count 
ed. Comments are due at the FCC by 
June 16, 1975. 

Jim Fisk, W1DTY 
Editor-in-Chief 
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transistor 

breakdown voltages 

A complete discussion 

of transistor 

breakdown voltages, 

what the ratings mean, 

and how they affect 

the application 

of the device 

The pages of all the electronics maga-
zines are presently filled with lucrative 
offers of all types of semiconductor 
devices, and many of the prices are 
really quite reasonable! Most amateurs 
operate on a limited budget anyway, so 
these offers are quite tempting. The ads 
often state " . . . replaces types . . . " 
but all too often this is not the case. 
Why? 

One of the major stumbling blocks to 
a thorough understanding of the appli-
cations of transistors is the lack of a 
working knowledge of transistor break-
down voltages. Breakdown in a device 
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can often lead to its sudden and myster-
ious failure without leaving any trace as 
to what happened. Another similar 
device is then inserted, and the same 
thing may or may not happen. It's no 
wonder that the amateur who does his 
own design or substitutes "grab bag" 
goodies into a proven circuit is often 
mystified when the circuit fails to oper-
ate properly. 

diodes 
In its simplest form, breakdown in 

semiconductor devices can be observed 
in an ordinary diode. The diode is a 
junction of positive (p) and negative (n) 
type semiconductor materials, and theo-
retically will conduct current in only 
one direction. An illustration of this 
forward bias condition is shown in fig. 
1. The relationship between the current 
i and the voltage v will be defined later. 

If the diode is inverted in the circuit 
no current (except for reverse leakage 
current) will flow. This will remain true 
until the reverse voltage reaches a point 
where the current begins to increase 
almost without limit. The value of 
voltage at which this phenomenon oc-
curs is known as the breakdown voltage. 
Fig. 2 shows the "reverse bias" configur-
ation which will lead to eventual 
breakdown. 

Depicted in fig. 3 is a graphical 
illustration of the relationship between 
diode voltage and current. In the for-
ward bias region, current tends to in-
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crease rather smoothly as voltage is 
increased. In the reverse bias condition, 
however, current flow seems to remain 
at some small and almost constant value 
until breakdown occurs; reverse current 
then increases very rapidly. The reverse 
current is referred to on data sheets as 
"reverse saturation current"; symbol-
ically, it is called lQ . Both lD and BV 
vary considerably among individual 
devices, and ranges of values are some-
times presented on data sheets along 
with other pertinent characteristics. 

It should be noted that the well 
known and widely used zener diode is 
actually a diode used in the reverse bias 
region. Its breakdown or zener voltage is 
closely controlled and specified. 

In diodes, the reverse breakdown 
voltage is sometimes called "peak in-
verse voltage," or PIV. In the selection 
of rectifier diodes, proper attention to 

-03-
IE 

w 

fig. 1. Forward-biased semiconductor diode. 

PIV is always given for the potential of 
breakdown is quite clear. 

transistors 
Now that some insight into a diode's 

behavior has been given, transistors can 
be tackled! Consider the circuit of fig. 
4. In this particular case the collector-
base junction can be treated simply as 
the ordinary diode just discussed. As 
before, a reverse leakage current (now 
called l c o ) flows through the collector-
base junction and some value of reverse 
bias will eventually be reached where 
l c o begins a rapid increase. This, again, 
is the value of the breakdown voltage, 
and is designated as B V c b o . Stated 
another way, it is the breakdown volt-

age between collector and base with the 
emitter lead unconnected (le = 0). 

Even if some emitter current is allow-
ed to flow, the breakdown point will 
still approach B V c b o , but the current 
increase is not as dramatic as when le is 
zero. Fig. 5 will clarify this. A similar 
condition exists whenever the base ter-

p— —VvV f^ 
i , * v„-

fig. 2. Reverse-biased semiconductor diode. 

minal is left unconnected. This time, 
however, the voltage of importance is 
called B V c e o (see fig. 6>. Note that 
BV c e o is less than BV c b 0 .The actual dif-
ference is dependent upon the electrical 
parameters of the individual devices. 

Strictly speaking, the open-circuit 
base is not often encountered, so some 
alterations should be considered. Con-
necting the base to the emitter through 
a resistor modifies the l c /V c e relation-
ship as evidenced by fig. 7. With the 
resistor in the circuit, breakdown can be 
increased above BV c e o to BV c e r . If the 
resistor is actually decreased to zero 
ohm, another value, BV c e s (the "s" is 
for short circuit) is obtained. 

As if this weren't enough to remem-
ber, there is still one more breakdown 
voltage — B V c e x . This is generated by 
applying negative bias to the base. For 

h 

REVERSE 
BIAS 
REGION ' . 

fig. 3. Typical characteristic curve of a semi-
conductor diode, showing operation in the 
forward-and reverse-biased regions. 
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the purposes of this discussion it is not 
necessary to know the empirical rela-
tionships between B V c e o , BV c e r , BV c e s 

and BV C C X . However, knowing their 
approximate relationships to each other 
and under what conditions they become 
important should be one of your goals. 
Reference to fig. 7 should provide some 
insight into approximate magnitudes of 
the various breakdown voltages. 

From this graph it can be seen that 
breakdown can range in values from a 
low of B V c e o to a high of B V c b 0 - By 
no means do these curves represent ail 
transistor types; they are, in fact, some-
what idealized. In spite of this, they will 
give you a feel for the concept of 
breakdown. 

using the data 
At this point some attention should 

be given to the application of the 

X 

fig. 4. Diode equivalent of a transistor's 
collector-base junction. 

various ratings just discussed. Each rat-
ing has its own special significance, and 
it would hardly prove practical to dis-
cuss each in detail. What will be useful, 
though, is the formulation of some 
general guidelines to help you in the 
application of the transistors themselves. 

While it is unusual to find a wide 
variety of breakdown voltages specified 
on a data sheet, B V c b o is commonly 
specified. In order to wisely apply a 
device, however, B V c e o should also be 
known since it establishes the minimum 
breakdown voltage. Another item usual-
ly stated on data sheets is the static 
forward current transfer ratio, or dc 
beta; its designation is h F E . The actual 
value of B V c e o is dependent upon these 
two items just mentioned. It can, in 

'E2 > 

COLLECTOR-BASE VOLTAGE 

fig. 5. Transistor collector-base breakdown 
characteristics with the emitter open. 

fact, be approximated from the equa-
tion 

B V c e o = BV c b o / { 1+h F E ) i / n 

where n is an experimentally deter-
mined factor. For purposes of approxi-
mation, you can assume n to have a 
value of 2.5 for silicon transistors and a 
value of 6.0 for germanium transistors. 
Fig. 8 is included to aid in the estima-
tion of values for B V c e 0 . 

From the equation you can see that 
will for a current gain of zero, BV i 

equal B V c b 0 - With small-signal devices, 
ceo 

COLLECTOR-EMITTER VOLTAGE 

fig. 6. Transistor collector-emitter breakdown 
characteristics with the base open. 
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COLLECTOR-EMITTER VOLTAGE 

fig. 7. Transistor collector-emitter breakdown 
characteristics for various base biasing con-
ditions. 

The term "breakdown" carries with 
it the connotation of complete destruc-
tion, but this is not always the case. 
Device destruction often results because 
large voltages and significant current are 
present in a device simultaneously, and 
its power rating is exceeded. In many 
instances, however, breakdown is used 
to advantage. Current flow is limited to 
the extent that the product of current 
and breakdown voltage falls well within 
the dissipation rating for the device. 

As previously mentioned, the zener 
diode is one application of controlled 
breakdown. The emitter-base junction 
of transistors (the breakdown voltage 

current gain is usually rather large, so 
B V c e o will, in most cases, be the smaller 
number by a rather wide margin. This 
has the practical significance of a built-
in safety factor — use of the B V c e o 

rating for selection of a device will 
almost always insure that breakdown 
ratings will not be exceeded because the 
base lead will probably not be anywhere 
near an open circuit. For additional 
reliability, though, an additional safety 
factor may be applied. In many military 
designs this factor will vary from 0.5 to 
0.75. For amateur work, 0.75 will suffice. 
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fig. 8. Breakdown volt-
age nomograph. A ger-
manium transistor, for example, with a for-
ward current gain (hfe) of 50 and BV C |, 0 of 
100 volts has a B V c e o of approximately 52 
volts (if the transistor were silicon, the B V c e o 

would be slightly more than 20 volts). 

fig. 9. Using transistor junctions as zener 
diodes. 

ranges from 0.5 to tens of volts, depend-
ing upon the device type) is often used 
as a zener diode. Similarly, the 
collector-base junction is sometimes 
connected for use as a high-voltage 
zener (voltages up to several hundred 
volts are possible). Fig. 9 illustrates 
these two common applications. 

conclusion 
From this discussion it should be 

clear that the term "breakdown volt-
age" does not refer to a single, well-
defined quantity. Likewise, the process 
of breakdown in semiconductor devices 
is not an easy one to comprehend. While 
the presentation here is not intended to 
be exhaustive, the information should 
allow a reasonable approach to device 
selection and substitution. 

ham radio 
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mosfet circuits 
The metal-oxide semiconductor field-
effect transistor (mosfet) is now used 
extensively in transmitters, receivers and 
test equipment. Some common and some 
unique circuits have been built around 
this device and are being used in both 
amateur and commercial communications 
equipment. They perform well as ampli-

OXIDE 

fig. 1. Construction of the depletion-type mosfet. 

fiers up into the high uhf spectrum, and 
the dual-gate types are particularly 
popular in mixer, oscillator and converter 
circuits. In addition, they serve ideally as 
balanced modulators and demodulators. 

Basically, the mosfet differs from the 
junction fet in that the gate itself does 

ORAIN-TO-SOURCE VOLTAGE <VQS) 

fig. 2. Operating characteristics of the n-
channel, depletion-mode mosfet. 

not actually touch the channel — there is 
an intervening metallic-oxide layer be-
tween gate and channel as shown in fig. 1. 
However, the gate electrode acts as a 
control element just as it does in a 
junction fet. The oxide insulation be-
tween the gate and the channel keeps the 
leakage current very low and the input 
impedance very high. Nonetheless, the 
charge placed on the gate determines the 
charge motion along the channel between 
the source and drain. As in the case of the 
junction fet, the gate charge determines 
the extent of the depletion region in the 
n-channel. 

As the gate is made negative, relative 
to the source, the number of electrons in 
the channel is depleted. This activity is 
similar to that of a junction fet. During 
normal operation the gate of the junction 
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fig. 3. Construction of the enhancement-
mode mosfet. 
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fig. 4. Operating characteristics of the n-
channel, enhancement-mode mosfet. 

fet may not be permitted to swing signif-
icantly past zero voltage because the 
junction will then be forward biased and 
input impedance falls. The mosfet has no 
such limitation; the gate can be permitted 
to swing past zero, increasing channel 
conductivity without any increase in the 
gate current or drop in input impedance. 

The drain current vs drain voltage 
characteristic of a depletion-type mosfet 
is plotted in fig. 2. Note that the gate 
signal swings to either side of the zero-
volt gate-bias curve. Drain current rises 
on the positive side; it falls on the 
negative side. 

A second basic type of mosfet is the 
enhancement-mode device shown in fig. 
3. In this device there is no channel 
present in the substrate that exists be-
tween the n-type source and n-type drain. 
With no bias applied to the gate there is 
no channel current. Likewise, a negative 
gate charge results in no channel current. 

If a positive bias is placed on the gate 
of an enhancement-type mosfet it will 
attract electrons from the p-substrate into 
the region beneath the gate, forming an 
n-type channel that links the n-type 
source with the n-type drain. Conse-
quently, there is a charge motion along 
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fig. 6. Construction of single-and dual-gate 
mosfets. 
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DUAL GATE SATE-PROTECTED 

Q 0 
fig. 5. Symbols used for various mosfets. 
N-channel, depletion type is shown in (A) ; 
n-channel, enhancement-mode type is shown in 
(B). (C) shows dual-gate, depletion-mode device 
while ( D ) shows a diode-protected mosfet. 

the channel which increases with the 
positive charge applied on the gate. If the 
positive bias voltage is made to vary with 
signal there will be a like change in the 
channel current. The l D vs D d s curves of 
fig. 4 show how the drain current in-
creases with an increase in the positive 
gate bias. 

The basic symbols for the different 
mosfet types are shown in fig. 5. These 
symbols signify an n-type channel. How-
ever, they can also use a p-type channel -
the symbolization is identical with the 
exception that the substrate arrow must 
be pointed in the opposite direction. The 
symbol in fig. 5A refers to a depletion-
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fig. 7. Dual-gate mosfet with diode gate 
protection. 

type n-chanriel mosfet; fig. 5B refers to 
the enhancement-mode type. Fig. 5C and 
5D refer to dual-gate, depletion-type 
mosfets. Fig. 5D refers to mosfets that 
include internal protective diodes. 

The high input impedance is both an 
advantage and a hazard of the mosfet 
device. Si nee the input impedance is very 
high, a t iny current or static charge can 
build up a very high level on the gate, 
possibly destroying the device. Thus mos-
fets must be handled carefully and circuit 
arrangement must be such that excessive 
charges are excluded from the gate{s). 
The internal protective diodes avoid these 
hazards by establishing conducting paths 
when the gate charge becomes excessive. 

dual-gate mosfet 

The dual-gate mosfets bring added 
versatility to mosfet circuit design. The 
two gates and balanced configuration is 
attractive for all types of balanced ampli-
fiers, modulators, mixers and demodula-
tors. In straight amplifier and mixer 
applications the second gate provides a 
means of applying age voltage or local-
oscillator injection. Most dual-gate mos-

fets are n-channel depletion types, fig. 6. 
The two devices shown are similar except 
for the addition of a second gate. As a 
result there are two electrodes that 
control the conductivity of the channel. 
In fact, in mixer circuits the signal 
applied to gate 2 is used to modulate the 
transfer characteristics of the input gate. 
As a result there is a form of mixing that 
has improved linearity over conventional 
square-law devices. Good conversion gain 
is obtainable with minimum injection 
level. 
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fig. 8. A complimentary-symmetry/metal-oxide 
(cmos) circuit. 

The addition of internal protective 
diodes protects the gates against damage 
from normal handling and use. These 
diodes drain off high-voltage charges and 
protect the input circuit from excessive 
voltages and signals. For example, any 
voltage transients in excess of ±10 volts 
are bypassed by the back-to-back diodes 
connected between each gate and the 

o o 
fig. 9. Biasing circuits for single-gate mosfets. 
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substrate. As shown in the basic structure 
of the gate-protected mosfet chip, fig. 7, 
there are two n-type input wells. The 
p-region of the gate forms a diode junc-
tion with the well, the well junction with 
the source serving as the second diode. It 
is interesting that such a protected-gate 
mosfet is less subject to static discharge 
damage than even a bipolar transistor. 

Mosfets lend themselves to inclusion in 
integrated circuits. One of these is the 
popular cos/mos or cmos IC using both 
enhancement and depletion types. The 
term cos/mos (cmos) refers to compli-

OUTPUT 

fig. 11. Simple rf amplifier circuit using a 
single-gate mosfet. 

men tary-symmetry/metal-oxide semi-
conductor devices. Two enhancement-
type mosfets are shown in the cmos IC in 
fig. 8. Note from the direction of the 
substrate arrows that the upper device has 
a p-channel and the bottom device an 
n-channel . Such configurations are 
especially adaptable to logic circuits in-
corporating the attractive features of high 
input impedance (low input capacitance) 
and very low power demand. 

fig. 12. Mosfet rf amplifier circuit using resistor-
divider biasing. 

Biasing methods for the single-gate 
mosfet are given in fig. 9. The insulated 
gate provides a high input impedance and, 
like the pentode vacuum tube, there is no 
significant input current. The circuit in 
fig. 9A is biased with the source resistor 
Rs, the direction of source current being 
such that a positive bias is developed in 
the source circuit. This in effect biases 
the gate negative for the n-channel, 
depletion-type mosfet. Operation is simi-
lar to the cathode biasing of a vacuum 
tube. If degenerative feedback is wanted, 
the filter capacitor is eliminated from the 
source circuit. 

External biasing, using a two-resistor 
divider, is shown in fig. 9B. In this 
arrangement the source and substrate are 
both grounded. The most popular form 
of mosfet biasing uses a combination of 
both types as shown in fig. 9C. 

In circuit application there can be a 
considerable variation in drain current for 
individual devices. Thus, with a certain 
fixed bias, the actual drain current could 
fall between somewhat wide limits for a 
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fig. 10. Biasing methods for dual-gate mosfets. 

-if" 

m 

VDD 

february 1975 Q3 53 



B? T N h COUTOT 

m 

fig. 13. Mixer circuit using a dual-gate mosfet. 

given transistor type. The combination of 
external divider bias and source resistor 
bias confines this limit to a much 
narrower range. 

Dual-gate biasing schemes are shown in 
fig. 10. In fig. 10A a combination of 
two-resistor divider and source resistor 
bias are used. Note that there are two 
inputs, suggesting that the circuit could 
be used as a receiver mixer or for signal 
combining or switching. The circuit in fig. 
10B shows a basic rf amplifier stage using 

fig. 14. High-frequency rf rft 
amplifier using a dual-gate mosfet. 

is required and/or critical operating 
conditions must be maintained, a combin-
ation of source and external bias can be 
used (fig. 12). The way in which the bias 
dividers are connected is such that there 
is minimum loading of the input resonant 
circuit. Instead, the bias voltage is 
developed across the capacitor connected 
between the bottom end of the resonant 
circuit and common. Therefore, it is not 
necessary to shunt the divider resistors 
between the high-impedance input gate 
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fig. 15. Mosfet dual-gate mixer. 

and common as is the case for the bias 
arrangement shown in fig. 9C. 

In the combination-bias arrangement it 
should be noted that negative gate bias is 
developed across the source resistor while 
the two-resistor divider results in a posi-
tive bias voltage. The actual gate bias is 
the algebraic sum of the two. 

A very popular mixer circuit for 
modern receivers is shown in fig. 13. The 
signal is applied to the top gate; its bias is 
determined largely by the source resistor 
R s . Local-oscillator injection is made at 
the lower gate. Optimum mixing bias is 
established by R1/R2 combination. 

similar biasing. The exception here is that 
one gate is used for age voltage or some 
other form of controllable bias, as from a 
receiver rf gain control. 

basic circuits 
A typical weak-signal rf amplifier using 

a single-gate mosfet is shown in fig. 11. In 
this circuit a small amount of source bias 
is used; the substrate itself is grounded. 

When greater dynamic operating range 

0+I2V 

fig. 16. product detector. Excellent isolation is 
provided by the dual-gate device. 
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receiver circuits 
The circuits that follow are very prac-

tical ones gathered from proven amateur 
and commercial radiocommunication 
equipment Parts values are given when-
ever they are known. The first three 
circuits are receiver types used in the 
Ten-Tec Argonaut transceiver. They 
demonstrate how a dual-gate depletion-
type mosfet can serve in a number of 
basic receiver circuits. 

••9V 

2 2k 100 -AM m <WV-

777 /77/77 ft? /77 f77 rh m m rrr 

fig. 17. Sideband carrier oscillator using diodes 
for upper/lower sideband switching. 

A high-frequency amplifier is shown in 
fig. 14. The input circuit has high Q and 
the low impedance of the antenna is 
matched through the tap at the low end 
of the coil. The input gate tap is further 
up the coil. A resonant output system is 
included in the drain circuit. In applica-
tion this can be a high impedance output 
or, if a low impedance output is desired, 
it can be obtained by tapping at the low 
end of the output coif. 

Input gate biasing is handled with 
divider resistors R1 and R2. The second 
gate is used to control the gain of the rf 
amplifier. Note the convenient manner in 
which this can be accomplished using two 

fig. 18. Wide range, untuned, high-frequency 
crystal oscillator. 

fixed resistors and the gain control poten-
tiometer. 

A signal mixer circuit is shown in fig. 
15. Separate gates provide input for signal 
and local-oscillator injection. Component 
values are similar to those of the rf 
amplifier except for the simple gate-input 
circuit for the local oscillator signal. The 
output resonant circuit is tuned to the 
intermediate frequency. 

Fig. 16 shows the same mosfet being 
used as a product detector for demodula-
tion of CW or ssb signals. Note the many 
similarities of the three receiver circuits. 
Such a device and associated components 
could be easily set up on a vector board if 
you wanted to try a bit of mosfet 
experimentation. 

The i-f signal arrives by way of the 
input resonant circuit. The demodulating 
oscillator supplies signal to the second 
gate. High-frequency components are 
filtered out in the drain output circuit. A 

OUTPUT 

fig. 19. Sideband mixer circuit using a dual-gate 
mosfet. 
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resistor-capacitor lowpass filter passes the 
voice frequencies to a succeeding audio 
amplifier. 

The next four circuits were gleaned 
from the sideband transceiver manufac-

circuit for the particular crystal to be 
activated. Since the unit is a transceiver, 
the output can be used as injection 
voltage in the demodulation of an in-
coming signal by the product detector or 

fig. 20. Using a mosfet amplifier to drive a vacuum-tube rf power amplifier. 

tured by Sideband Associates (SBA) for 
operation in the 2- to 23-MHz range and 
used primarily for radio-marine communi-
cations. Two mosfet devices are used in 
the carrier oscillator, fig. 17, along with a 
diode switching arrangement that can be 
used to select either the upper or lower 
sideband. The 40468A is a single-gate 
device. The circuit between the gates 
serves as a means of coupling the oscilla-
tor to the isolating output stage. 

The upper/lower sideband switch 
applies +9 volts to the anode of the 
switching diode that closes the feedback 

as the basic carrier applied to the 
balanced modulator for the transmit 
mode of operation. 

Since the transceiver must operate 
over a wide frequency range the channel 
oscillator must be able to accommodate 
crystals over a 2- to 23-MHz range. The 
two dual-gate mosfets operate in the 
untuned crystal oscillator circuit in fig. 
18. The Colpitts type crystal oscillator is 
followed by an isolating amplifier stage. A 
small netting capacitor can be used for 
netting an individual crystal to a precise 
assigned frequency. 

I — 
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fig. 21. Two-stage mosfet amplifier and fet detector. 
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A transmit mixer is shown in fig. 19. 
The low-frequency sideband signal and 
high-frequency oscillator signal are mixed 
to produce a higher sum frequency at the 
output. A double-tuned resonant circuit 
provides adequate output bandwidth and 
excellent skirt rejection of undesired 
frequency components. 

The ease with which a mosfet can be 
used to drive a vacuum-tube stage should 
be attractive to those of you who want to 
build a hybrid transmitter but just 
haven't gotten around to it. Fig. 20 shows 
a simple circuit arrangement that permits 
you to drive a modest power pentode 
with a mosfet. The channel frequency 
signal is applied to the input gate, ampli-
fied, and is resistor-capacitor coupled to 
the grid of the vacuum tube. To prevent 
instability and possible self-oscillation 
when operating over a wide frequency 
range a simple capacitive feedback link 
can be used. The neutralizing capacitor is 
adjusted for an optimum setting that 
covers the desired transmit frequency 
range. 

If it's something different you wish to 
experiment with, and perhaps something 
that could be made quite effective for 
specific needs, take a look at the circuit 
of fig. 21. This is a two-stage mosfet rf 
amplifier followed by an fet regenerative 
detector (a TRF receiver). All I know 
about the circuit is given in the sche-
matic. Maybe you'd like to expand upon 
it and come up with a small, low-power 
CW receiver. Two applications that come 
to mind are the 160-meter CW spectrum 
and the isolated segment of the 10-meter 
band assigned to novice operation. No 
doubt the receiver could be adapted to 
multiband operation as well as coverage 
over a wider frequency band with 
appropriate trimmers. 

The gain control regulates the voltage 
applied to the second gate of both rf 
amplifiers. The dual-gate connection per-
mits this isolation of gain control and 
signal circuits. The feedback path and 
regeneration control circuit is located in 
the emitter circuit of the fet detector. 

ham radio 

The 
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correcting mechanical 
backlash in the 
Collins 70K-2 PTO 

When the 70K-2 PTO in my Collins 
312B-5 remote vfo developed an annoy-
ing mechanical backlash, I decided to 
dig into it to see if I could f ix it myself 
and save the $ 7 5 or so Collins currently 
charges for a rebuilt PTO. Initially, I 
was hesitant to work on the PTO for 
fear of upsetting the frequency calibra-
t ion, but when the problem became 
sufficiently annoying that I had either 
to f ix it or replace it, I decided I had 
nothing to lose by trying. As it turned 
out, the remedy was simple and did not 
require disturbing any of the internal 
wiring of the PTO. The frequency cali-
bration was unaltered, and the backlash 
was completely eliminated. The 70K-2 
PTO is also used in the KWM-2, 32S-1, 
32S-3, 75S-1 and 75S-3. 

The symptom of the problem was 
that in certain areas of the P T O range, I 
could rock the dial back and forth up to 
1 kHz wi thout changing frequency. Of 
course, mechanical backlash can also be 
caused by a malfunctioning dial mech-
anism, but in this case I determined that 
the problem was in the PTO itself. The 
first thing to do is to get the PTO out in 
the clear where it can be easily worked 
on by loosening the two set screws that 

teboolc 
hold the dial drum on the PTO shaft 
and removing the two mounting screws 
that hold the PTO rear cover to the 
chassis. With the 312B-5 there was 
sufficient slack in the wiring that it did 
not have to be disconnected, but this 
may be necessary on the other equip-
ment. Once the PTO is dismounted 
f rom the chassis, the rear cover can be 
removed and slid down the wiring har-
ness out of the way. 

On either side of the PTO shaft there 
is a screw which extends the entire 
length of the tuning coil form and is 
threaded into the tuning coil rear cover. 
Turn the shaft back and forth through 
its entire range a few times and note 
how the heads of these screws work in 
conjunction with the special bushings 
and washers on the shaft to act as stops, 
limiting the total shaft rotation to 2VA 
turns. The bushing and washers should 
not be removed or loosened, as they 
determine the end points of the tuning 
range. I t is important to note their 
relationship wi th respect to each other 
and to the screw heads in order to 
properly reset the tuning end points 
when reassembling the PTO. 

There is a single t iny ball bearing 
which is held between a dimple in the 
tuning coil rear cover and a dimple in 
the end of the tuning coil shaft. Holding 
the rear cover in place, remove the two 
screws and be careful not to lose the 
ball bearing when removing the rear 
cover. 
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Looking at the rear of the exposed 
coil tuning assembly, rotate the tuning 
shaft and observe how the coil core 
moves in and out, riding on a spiral 
groove cut into the shaft. The core 
assembly has an anti-backlash spring 
which rides on a groove on the inside of 
the form. There is a lubricant which 
appears to be a graphite compound used 
between the shaft and the core. In my 
unit there was an excessive build-up of 
this lubricant at certain places on the 
shaft and inside the core. This build-up 
was thick enough to overcome the 
tension of the anti-backlash spring, 
allowing the core to rotate instead of 
moving in and out, thereby causing the 
backlash. Turn the shaft until the core 
can be removed, and wipe the excess 
lubricant from the shaft and from inside 
the core. To reassemble the PTO, mere-
ly reverse the disassembly procedure. 

John Becker, K9WEH 

simple 
satellite antenna 

K4GSX's article on simple stationary 
antennas for satellite use showed how a 
ground-plane antenna could be adapted 
to OSCAR use by slanting the driven 
element and using a matching section to 
accommodate the change of impe-
dance.* I've been using a simple ten-
meter inverted-vee antenna for OSCAR 
r e c e p t i o n quite successfully since 
December, 1972. As can be seen in fig. 
1, a ti lted vertical is physically one-half 
of an inverted-vee or drooping doublet, 
but without the matching section or 
radials. Therefore, an inverted-vee is a 
double-tilted vertical fed in the center. 

A dipole theoretically has a radiation 
resistance of approximately 7 2 ohms, 
and slanting the wires downward lowers 
the input impedance sufficiently for 

*Dale Covington, K4GSX, "Simple Antennas 
for Satellite Communications," ham radio, 
May, 1974, page 24. 

direct connection to 52-ohm cable. 
Other advantages of the inverted-vee 
include ease of construction and erec-
tion, and the possibility of adding a 
balun later, if desired. 

The characteristics of an inverted-vee 
are somewhat different than those of a 

/////T/////////////////7/7///////////7////77/ 
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0 
fig. 1. Diagram showing the physical character-
istics of a quarter-wave tilted vertical, to that 
of an inverted vee. The inverted-vee in (A) uses 
two center fed quarter-waves. The tilted ver-
tical in (B) in one quarter-wave, base fed. 

dipole, and it is suggested for satellite 
communications that the wires run 
north and south because the radiation 
pattern is off the ends of the antenna. 
This arrangement facilitates reception 
since the satellite travels in a polar orbit. 
Because of the antenna's physical char-
acteristics, the inverted-vee probably 
offers the best compromise between 
horizontal and vertical polarization, 
and, therefore, is well suited for satellite 
work while still meeting the four design 
objectives cited in the article. Although 
no claims are made as to the radiation 
pattern, it should probably be close to 
that of a ti lted vertical. 

Craig Caston, WA6PXY 
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two-band 
fm transceiver 

The Comcraft Company has an-
nounced the introduction of a new all 
sol id-state two-band , frequency-
synthesized fm transceiver, the model 
CST-50. The CST-50 features operation 
on both two and 1-1/4 meters with 
25-watts output and 5-kHz frequency-
synthesized channel spacing. Operating 
modes provided include simplex, split 
transmit and receive, and repeater off-
sets of plus and minus 600 kHz, 1 MHz 
and 1.6 MHz. 

Frequency coverage on the 220 band 
is from 220 to 225 MHz while on two 
meters it is from 142 to 149.995 MHz 
(to cover most MARS, CAP and CD 
frequencies). The frequency synthesizer 
is a digital type using programmable 

dividers and phase-locked loops to 
generate the desired frequencies by 
reference to a single 5-MHz crystal. Two 
thumbwheel sets are provided for set-
ting up either transmit and receive 
frequencies for non-standard repeaters 
or two separate repeaters when standard 
offsets are in use. 

Additional features of the CST-50 
include the use of an eight-pole 
10.7-MHz crystal filter in the receiver; 
transmitter coverage of both bands 
without retuning; illuminated thumb-
wheel switches for night mobile work; 
PTT mike and mobile mount; and 
quality construction using epoxy-glass 
PC boards and vinyl-clad outer cabinet. 

The CST-50 is priced at $769.95. For 
more information, write to Comcraft 
Company, Post Office Box 266, Goleta, 
California 93017, or use check-off on 
page 94. 

ARRL antenna book 
The new 13th edition of The ARRL 

Antenna Book represents the most ex-
tensive revision this publication has 
received within the past 25 years. Al-
though much of the basic information 
of previous editions on subjects such as 
radio propagation and antenna theory 
has been retained in early chapters of 
the book, all information has been 
carefully edited for clarity and has been 
supplemented with later data where 
modern technology has brought new 
knowledge. 

In the later chapters some striking 
changes from previous editions will be 
noted. A large section appears on the 
use of the Smith chart in solving 
transmission-line problems. Information 
on cubical-quad antennas has been 
greatly expended. Design and construc-
tion information on log-periodic an-
tennas has been added. Construction 
information on standard antennas — 
dipoles, Yagis and simple arrays — has 
been revised extensively, and new an-
tenna types such as a 40-meter sloper 
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are described. Information on rotator 
and tower selection and installation 
have also been added. 

Four new chapters appear in the 
13th edition, one on antennas for re-
stricted space, one on antennas for 
space communications, one on measure-
ments and one on specialized antennas 
that amateur radio enthusiasts often 
hear about but are unable to find 
information on — the Beverage, discone, 
conical monopole, fishbone, bobtail cur-
tain and others. From its newly design-
ed front cover, which retains a bit of the 
appearance of the covers of older edi-
tions, to its completely new index at the 
back, this edition is packed with useful 
information on all types of practical 
antennas. 

The new edition contains 336 pages 
and is priced at $3.00 from HR Books, 
Greenville, New Hampshire 03048. 

160-meter transverter 

The new 160-meter transverter from 
Dentron Radio provides up to 100-watts 
input over the entire 160-meter band. 
This new unit, which needs only two 
connections to your existing ssb trans-
ceiver, requires only five-watts drive for 
full rated output (3.8- to 4.0-MHz 
input). The transverter includes a built-
in power supply for 115/230 Vac, 
50/60 Hz. 

Also available from Dentron is their 
new 160 AT antenna tuner which 
matches any 160-meter exciter with a 
50-ohm output to almost any random-
length wire or existing antenna. 

The 160 XV 160-meter transverter is 
priced at $199.50, postpaid in the USA. 

NEW BIPOLAR MULTIMETER: 
AUTOMATIC POLARITY INDICATION 

Model ES 210K 
Displays O l ims . V o l t s or A m p s in 5 ranges • Vo l tage 
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Amps io I Amp $82.00 Case extra S12.50 
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DIGITAL CLOCK: 

ES 1I2K/124K • 12 hour or 24 hour clock: S46.95. 
Case extra: • Metal S7.50 

CRYSTAL T IME BASE: 
ES 20 IK - Opt. addition to ES 112K, I24K or 500K 

Mounts on board. Accurate to .002% S25.00 

I.D. REMINDER: 
ES 200K - Reminds operator that 9 minutes and 45seconds 

have passed. Mounts on ES 112 or 124 board. Silent LED 
Hash: SI0.95. Optional audio alarm S4 extra. 

Dependable solid state components and circuitry, tasy reading. 
7 segment display tubes with clear, bright numerals. These products 
operate Irom 117 VAC, 60 cycles. No moving part i Quiet, trouble free 
primed circuit. 
Each kit contains complete parts list with all parts, schematic illustrations 
Aid easy to lollow, step by step instructions. No special tools required. 

ORDER YOURS TODAY: 
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? 
OSCAR 7 : 

432 MHz UP-LINK 
TX; 144 to 432 MHz 

Varactor Tripler 
MMv432 $75.20 
MMv432H $112.80 

ANT: 17.3 dB Multibeam 
70/MBM46 $51.75 

145 MHz DOWN-LINK 
RX: 2 to 10 Meter 

Converter 
MMcl44 $53.70 

ANT: 12.6 dB 8 over 8 Yagi 
D8/2M $39.95 

435 MHz 
TELEMETRY 

RX: 435 MHz to 10 Meter 
Converter 
MMc432 $64.45 

ANT: 17.3 dB Multibeam 
70/MBM46 $51.75 

IMPROVE YOUR RECEPTION WITH 
K V G CRYSTAL FILTERS 

XF9A S S B 2.5 kHz BW 5 POLE $31.95 
XF9B S S B 2.4 kHz BW 8 POLE $45.45 
XF9M CW 500 Hz BW 4 POLE $34.25 
MATCHING OSCILLATOR CRYSTALS 
XF901 8998.5 kHz USB $3.80 
XF902 9001.5 kHz LSB $3.80 
XF903 8999.0 kHz CW $3.80 
F-05 CRYSTAL SOCKET SO*1 

Export inquiries welcome 
SPECTRUM 

# INTERNATIONAL 
BOX 1084 CONCORD 

MASSACHUSETTS 01742 
U. S. A. 

The 160 A T antenna tuner is priced at 
$59.95. For more information, write to 
Dentron Radio Company, 27587 Edge-
park Drive, North Olmstead, Ohio 44070, 
or use check-off on page 94. 

new signal/one 
The new Signal/One CX-11 deluxe 

integrated station offers many new 
features not available on the older 
CX-7A. Featured in the new design is a 
broadband solid-state linear power 
amplifier with 175 watts rf output It 
requires no tuning over the six amateur 
bands from 1.8 to 30 MHz, operates 
into any vswr and is capable of contin-
uous duty at full rated output. 

The new CX-11 also contains a new 
concept in front-end design — using 
doubly-balanced active fet mixers for 
unmatched sensitivity, blocking and 
cross-modulation rejection. Five band-
w id th s of aud i o selectivity are 
standards: 2.4, 1.5, 1.0, 0.4 and 0.1 
kHz. A peak/notch filter with adjustable 
frequency notch depth is also included. 

Also featured in the CX -11 is a 
built-in electronic keyer with independ-
ent speed and weight control and partial 
or full-dot memory. The six-digit fre-
quency readout uses half-inch amber or 
red L E D s and is optimized for non-
blinking, stable display. The power 
supply is completely self protecting — 
both thermal and current overload -
and is IC controlled. Additional features 
include dual V F O s for transceive, split 
operation or dual receive, adjustable i-f 
shift, receive or transmit offset tuning, 
push-button spotting, adjustable rf clip-
ping, instantaneous CW break-in, built-
in wattmeter, built-in noise blanker and 
adjustable rf power output. 

The Signal/One CX-11 is now in 
production at $2600, and is distributed 
by Payne Radio, Box 525, Springfield, 
Tennessee 37172. For more informa-
tion, write to Signal/One, Box 127, 
Franklin Lakes, New Jersey 07417, or 
use check-off on page 94. 
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a second look fish 
Two of the major semiconductor manu-
facturers are working on new families of 
bipolar digital logic that may do as 
much to revolutionize the computer 
world as anything in the past. Texas 
Instruments, for example, has developed 
a new family of Schottky logic, called 
Schottky II, with 1-to-2-nanosecond 
delays (compared to 10 nanoseconds or 
so for TTL) which operates from a 
single 5-volt power supply, offers better 
performance than today's ECL 10k and 
is provided in standard, easy-to-use pin-
outs. Unfortunately, because of the dis-
mal market conditions which are facing 
the semiconductor manufacturers just 
now, it may be months before Schottky 
II is available to designers. 

Although not a great deal is known 
about Motorola's new bipolar logic 
family, it is known to feature 1-to-2-
nanosecond delays and wi l l be com-
patible with ECL 10k. However, they 
have been working with a system of 
complementary constant-current logic 
(C3L) with 1-nanosecond delays (and 1 
mW per gate) that could provide the 
necessary performance. Motorola is also 
rumored to be working on a family of 
sub-nanosecond logic called ECL 100k 

l̂IMfT y,,0 w » 

Nand gate built 
witfi new C 3 L 
l o g i c f e a t u r e s 
s p e e d , l o w -
power consump-
t i o n a n d high 
p a c k a g i n g 
density. 

that should provide some answers for 
digital designers who are looking for 
faster and faster computers. 

The complementary constant-current 
logic is particularly interesting because 
it combines the best of several worlds 
not previously available on one chip: 
very high speed, high packaging density 
and low power consumption. The high 
packing density of C3 L is due to its very 
simple transistor-gate structure, shown 
below, which consists only of a pnp 
current source transistor, an npn switch-
ing transistor and a few Schottky barrier 
d iodes. By way of contrast, the 
Schottky TTL gate uses four transistors, 
plus diodes. 

Because of the simple structure, a 
five-output gate requires only 12 square 
mils (0.008 square mm). By compar-
ison, a low-power cmos circuit of the 
same complexity requires about 65 
square mils (0.04 square mm) of chip 
space. This high packaging density 
means that a 1000-gate C 3 L array could 
be placed on a 150-by-150-mil (4x4mm) 
chip. 

While you may be hard put to think 
up an application in your amateur sta-
tion for a 1000-gate logic array, many 
traditional analog circuits (TV tuners, 
for one) have gone the digital route in 
recent years, and other devices, such as 
frequency synthesizers, small hand-held 
calculators and digital meters, would 
never have seen the light of day in an 
all-analog world. If the past is any indi-
cation, future digital applications will 
have an even far wider effect. 

Jim Fisk, W1DTY 
editor-in-chief 
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AMATEUR LICENSE FEES REDUCED with reductions to go into effect March 1. New 
fee schedule is $4 for a new license or renewal, $3 for a modification. Requests 
for special calls will still cost $25. 

WWV/WWVH PROPOSE CUTBACK in services, solicit advice from users. Write Time 
and Frequency Services, National Bureau of Standards, Boulder, Colorado 80302 for 
detailed questionnaire. 

BICENTENNIAL CALLSIGNS pretty well set, will use only AA-AL prefix block to 
cover both continental and offshore W and K prefixes during 1976 celebration. 
Though stateside bicentennial prefixes will use present numbers to indicate call 
areas, look for some real odd balls for such things as Alaskan Novices... 

220-MHZ CLASS-E CB still very much a threat — recent letter from OTP Acting 
Director Eger to FCC Chairman Wiley urges giving "every consideration'1 to "expe-
ditious action" in granting Class-E 222-224 MHz! The letter cites the need for 
a "disciplined" citizen's communications service, half-billion dollar a year 
market, gives lip service to value of amateur service — and would let us con-
tinue to use che new CB band, ̂ ith limitations! Class E could start up as early 
as May! 

GOVERNMENT AGENCY SHAKES ANTENNA TOWERS — OSHA, the occupational safety 
people, want all towers over 20 feet to have a built-in OSHA-approved ladder 
(16-18" wide, with side rails mounted 6" off the tower)! Since the OSHA ladder 
is heavier than most light-duty amateur and TV antenna towers, such a requirement 
would have a great effect on tower prices. Ruling would become effective this 
summer barring protests, but look for lots of those from users and makers alike. 

ARRL DIRECTORS' MEETING in January confirmed Dick Baldwin, W1RU, as League 
General Manager and QST editor to replace John Huntoon. Dick took over February 
1, while John continues as both ARRL and IARU Secretary. 

Docket 20282 Discussion occupied much of the Directors' time, resulted in 
authorization of a "membership opinion survey" to be conducted on the Division 
level. Survey will be made in time for individual directors to consider results 
before a special board meeting in May when League response will be determined. 

NATIONAL ENVIRONMENTAL POLICY ACT OF 1969 appears likely to have little direct 
impact on amateur radio, but indirect effect on the unwary may cause lots of 
bother. Environmental impact report must be filed with amateur license applica-
tions on Form 610 or 610B only if the station will have a "major" impact on the 
environment. Installations having a "major" impadt are: Antenna towers or an-
tennas over 300 feet high (but not an antenna mounted on an existing structure 
300 or more feet high); satellite earth stations with dishes of 30 feet or more 
in diameter; locations in a wilderness area, wildlife preserve or national 
scenic or recreation area; stations affecting sites significant in U.S. history; 
and any involving extensive changes in land-surface features. 

Applications Other Than The Above are considered "minor" and no statement need 
be filed. However, to be on the safe side, until new forms are available, add a 
statement such as, "This application is a 'minor action* as defined by Section 
1.1305 of the Commission's rules." somewhere on the form unless you will have a 
"major" environmental impact, in which case a call to the FCC is advisable. 

NEWLY ANNOUNCED HAND-HELD CALCULATORS, as promised in January editorial, offer 
more performance for less cost. New HP-21 Scientific from Hewlett-Packard ($125) 
is more powerful than HP-35 and features 32 pre-programmed functions including 
rectangular/polar conversion, while new programmable HP-55 ($395) provides 49-
step programming and 86 keyboard functions. Also new are Novus Mathematician 
($80) and 10-digit Corvus 500 ($200). 
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ultra low-noise 

uhf preamplifier 

Design and construction 

of an ultra low-noise 

preamplifier with a 

1.0 dB noise figure 

at 432 MHz 

that provides 

high performance on 

144 and 220 MHz as well 
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There is always a need for a better 
preamplifier with a lower noise figure 
and higher gain. Such a preamplifier was 
introduced in November, 1972.1 This 
preamplifier took up the slack after the 
TIXM05 disappeared and the low-noise 
fets bottomed out, and it introduced 
several new features to amateur radio 
including state-of-the-art noise figure, 
wide bandwidth, low-Q input, current-
source biasing and built-in limiter. In 
addition, it required no tuning. 

Since the original preamplifier was 
introduced, an improved version has 
been developed. This new preamplifier 
has higher gain, lower noise figure, and 
an improved biasing scheme while em-
bodying all the other features men-
tioned above. It has been duplicated by 
over twenty-five individuals throughout 
the world and is the input preamplifier 
used at most of the 432-MHz EME 
stations. Two of the die-hard paramp 
users now have models of these pream-
plifiers in use. It meets or exceeds their 
paramp performance and is easily 
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mounted at the antenna, a feature not 
easily duplicated wi th paramps and their 
associated pumps. 

requirements for low noise figure 
A low-noise-f igure transistor is 

required in the circuit but it is not the 
only requirement for a low-noise-figure 
preamplifier. Other requirements in-
clude proper operating current and volt-
age, op t imum source impedance, low-
loss matching circuits, low feedback, 
moderate gain and good stability, to 
mention a few. Let's discuss these re-
quirements separately. 

The need for a low-noise-figure tran-
sistor should be obvious. Y o u cannot 
attain a noise figure which is lower than 
the device is capable of delivering due to 
other factors affecting the design. Y o u 
will be lucky, at best, if you end up 
within 0 .25 to 0.5 dB of the device's 
capability. 

Joe Reisert, W U A A , was first licensed in 
1951 as W N 2 H Q L , and in 1956 earned 
his Extra Class license. He moved f rom 
Long Island to San Jose, California, in 
1 9 6 1 , where he was licensed as 
W A 6 T G Y , later as W6FZJ. He attained 
the D X C C Honor Roll in 1968 and 
presently stands at 330 confirmed. In 
the late 1960s he became interested in 
uhf, had his first 4 3 2 - M H z contact in 
1970, and put his EME station on the air 
in 1972. Before moving to Massachusetts 
last spring he had worked nine states on 
432 M H z f rom California plus Canada 
and Australia. He is joint holder of the 
2 3 0 4 - M H z tropo D X record of 3 3 0 miles 
set in February, 1974 , and is active f rom 
Massachuset ts on 4 3 2 - M H z E M E . 
Primary amateur interests are D X , E M E , 
and antenna and receiver design. 

Joe was formerly the supervisor of 
Microwave Product Engineering at Fair-
child Microwave after working at Sperry, 
IBM, Lockheed and Wescom Microwave, 
and is presently manager of Microwave 
Applications Engineering at Alpha Indus-
tries, Inc., in Woburn, Massachusetts — a 
leading manufacturer of microwave 
diodes. 

The collector current < l c ) and 
collector-to-emitter voltage ( V C E ) are 
also prime considerations. Generally, 
V C E is not too important if it is greater 
than 6 volts. Lower V C E generally 
lowers the collector cutoff frequency 
( f T ) and hence, the gain. The collector 
current, on the other hand, is very 
important. Older devices were usually 
opt imum wi th 1.0 to 1.5 m A collector 
current. The newer devices, as a rule, 
work best at 2 to 3 m A collector current 
and their noise figures do not degrade as 
fast as their predecessors' at higher col-
lector currents {more on this later). 

The opt imum source impedance is 
the impedance that the transistor wants 
to see in order to deliver the lowest 
possible noise figure. A t frequencies 
below 1000 M H z this value is seldom 50 
ohms. Therefore, a matching network is 
usually necessary between the antenna 
input and the transistor. This network 
must have very low loss since any losses 
will add directly to the overall noise 
figure of the preamplifier. 

In addition, low feedback is essential 
to low-noise operation and feedback 
will usually raise the noise figure. This 
also applies to series feedback in the 
emitter lead. The emitter should be well 
bypassed to ground to prevent degenera-
tion and higher noise figures. Current-
source biasing is preferred since it allows 
the emitter to be grounded directly 
wi thout bypassing. A suitable scheme 
was used in the original preamplifier. 
This design will include a simpler and 
less critical circuit. 

High gain is essential for low noise 
performance. If the gain of the pre-
amplifier is not high enough, the overall 
system noise figure wi l l be degraded due 
to the noise figure contribution from 
the second stage. However, if the pre-
amplifier gain is too high it may become 
unstable or may overdrive the second 
stage and cause desensitization or inter-
modulat ion distortion. A good rule of 
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thumb is to strive for 10 to 13 dB 
minimum preamplifier gain. Gain above 
18 to 20 dB should be avoided since it 
generally indicates a potential instabil-
ity. More on this later. A method for 
computing gain and overall noise figure 
is discussed further in appendix 1. 

tradeoffs 
Noise figures below 1.5 to 2 dB are 

o 
Z 

usually wasted on meteor scatter and 
tropo communications. At 144 MHz 
this is still a low enough noise figure for 
EME since the sky temperature is usual-
ly not much lower than the terrestial 
temperature. Therefore, a good fet is 
sufficient to deliver all the performance 
needed. However, on EME above 420 
MHz the sky temperature may be below 
70° K, so a lower noise figure is 
desirable. For example, a 1 dB noise 

figure preamplifier may yield up to 2 dB 
better signal-to-noise ratio than a 1.5 dB 
noise figure unit. 

Cost is obviously the most important 
tradeoff. Low-noise-figure, high per-
formance transistors are expensive. 
However, in view of the performance 
gained, it is penny wise and pound 
foolish to cut corners too closely. 
Generally speaking, a low-noise transis-

20 

15 

10 

9 10 

tor suitable for tropo operation up to 
450 MHz will cost about $10, and up to 
$25 for a higher performer. The sky is 
the limit when it comes to the extreme-
ly low noise figures (1.5 dB or less) 
necessary for EME. 

In the preamplifier presented here a 
device costing less than $50 will out-
perform just about any device presently 
available at any price. On EME you may 
spend hundreds, and maybe thousands. 

GAIN 

NQlSj. 

NOTES ̂  

1 

k NOISE FI0UR 
10NLY AT Ic 

kMOIS£ FIGUfi 
'AT CACH va 

E OPTIMIZED 
' 3 mA. 
e OPTIMIZED 
-UE OF rc 

COLLECTOR CURRENT. tc (mil 

fig. I. Typicaf FMT4575 noise figure and gain at 432 MHz vs 

collector current ( V c e constant at 7 volts). 
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of dollars and hours building a suitable 
station. Why skimp when it comes to 
the preamplifier? A suitable perform-
ance increase in the antenna may be 
completely out of the question due to 
size or money. 

Gain isn't everything, but it does 
help. This is especially true when the 
preamplifier is remotely mounted. An 
extra gain margin helps to overcome 

I 

cable losses. Furthermore, on the more 
modern low-noise transistors the gain 
increases quite smoothly when the col-
lector current is increased while at the 
same time the noise figure may not rise 
as rapidly as you would expect (see fig. 
1 ). As an additional by-product, the 
intermodulation distortion decreases 
significantly with increasing l c . Again, 
it pays to use a high performance 
transistor so you can "have your cake 
and eat it too." 

A broadband preamplifier can pre-
sent some problems since there is little 
or no discrimination to out-of-band 
signals. Therefore, an input filter is 
highly recommended. A suitable type 
will be discussed in the latter part of 
this article. 

transistor selection 
I have evaluated many npn transis-

tors, all with an eye on minimum noise 
figure and maximum stable gain at 432 
MHz. The circuit described in reference 
1 used the NEC 2N5650 series (and its 
offshoots such as the NEC V766). How-
ever, a 1.4 dB noise figure was the 
lowest measured, and stable gain sel-

dom exceeded 13 dB. Other high per-
formance devices which were tried in-
cluded the Fairchild FMT4225 and 
Hewlett-Packard HP-21 series. They 
delivered high gain but higher noise 
figures (1.5 to 2 dB typical). Likewise, 
the Amperex BFR90 and BFR91 sel-
dom provided noise figures below 2 dB. 

The Fairchild FMT4575/4578 and 
FMT4000/4005 were true eye-openers; 

1 

they easily yielded a 1.25 dB noise 
figure and 1 to 1.1 dB was not un-
common. Since the FMT4000/4005 and 
4578 are higher priced and didn't pro-
vide better performance, I decided to 
design a preamplifier around the lower 
priced FMT4575. At $44 (each) it 
delivers the most performance per dollar 
of any transistor presently available and 
will challenge the best of paramps at 
432 MHz. 

For those interested in evaluating 
their own devices a lab test setup can be 
built as shown in fig. 2. The device to be 
tested is mounted in a suitable low-loss 
transistor mounting fixture which in-
cludes a 50-ohm input and output line 
with dc blocks. This mounting fixture is 
connected between two low-loss double-
or triple-stub tuners. A noise-figure 
generator is connected to the input stub 
tuner and a very low-noise-figure con-
verter is connected to the output tuner. 
Then the bias voltage and current are 
adjusted to predetermined values (per 
manufacturer's data sheets). 

The output tuner is first adjusted for 
maximum stable gain and then the input 
tuner is adjusted for minimum noise 

fig. 2. Test setup for evaluating the noise figure of 
microwave transistors. The connection indicated by 
the dotted line is required only if an automatic 
noise-figure generator is used. 
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figure. After optimization the bias 
points are varied up or down (within 
manufacturer's ratings) and the tuners 
are readjusted. This procedure is con-
tinued until the lowest possible noise 
figure is obtained. 

circuit description 

While the preamp described here is 
quite similar to the original design, there 

this impedance can be approximated by 
a series circuit consisting of a 50-ohm 
resistance and an inductive reactance of 
80 ohms (see fig. 3). 

It so happens that at 432 MHz most 
of the low-noise transistors evaluated 
generally required a similar network 
except that the values varied from 25 to 
75 ohms for the resistance and from 30 
to 100 ohms for the inductive react-

Construction of the ultra low-noise preamp showing placement of the main components. 
Components can be Identified from fig. 7 on page 17. 

are important differences. They are 
basically the transistor used, the input/ 
output matching and the current source. 

The transistor was chosen by the 
method described above. Then the 
transistor test fixture was split apart and 
a low-loss 50-ohm termination was sub-
stituted for the noise-figure generator. 
With the aid of a network analyzer, the 
desired source impedance was measured. 
This impedance is called the optimum 
source impedance as described earlier. 
In the case of the Fairchild FMT4575, 

ance. These values can be easily simu-
lated by slight changes in the inductance 
value and by placing a small (0.3 to 3 
pF) low-loss variable capacitor either 
between point X or Y to ground (fig. 3). 
However, this capacitance value is not 
critical and seldom yielded much im-
provement in noise figure on the devices 
I tested. 

A low-loss input matching circuit is 
very important. Therefore, low-loss 
components should always be used with 
the least complicated, low-Q circuit. 
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This is in direct contrast with previous 
design philosophy which frequently 
used filters and/or resonant input cir-
cuits. Such circuits can contribute 
additional losses. The input of a tow-
noise preamplifier is a poor place to 
obtain selectivity. A better choice is to 
install a low-loss filter external to the 
preamplifier as discussed later. 

The final input matching circuit 
chosen was a low-loss, low-Q, L-
matching section consisting of L1 and 
CR1 (fig. 4). Capacitor C1 is a blocking 
capacitor (not a critical value). How-
ever, a low-loss, high-Q type is desired. 
RFC1 is essentially a low-Q parallel-
resonant circuit at 432 MHz and there-
fore is effectively out of the circuit. It 
actually works quite well from 100 to 
450 MHz. Some of the physically larger 
RFCs available are parallel resonant 
below 450 MHz and are not recom-
mended. A grid-dip oscillator can be 
used for a quick test or, you can wind 
your own choke using a 0.1 to 0.2-inch 
(2.5 to 5.0 mm) diameter air core. A 
higher inductance RFC can be used if 
only lower frequency operation is 
desired. 

Do not leave out the hot-carrier 
diode, CR1. It is the capacitance part of 
the L-matching section and adds about 
0.75 pF to the circuit. Other hot-carrier 
diodes can be substituted provided the 
capacitance is 0.5 to 1.0 pF at zero volt. 
Do not use ordinary silicon or ger-
manium diodes since they may increase 
the noise figure. 

Diode CR1 also functions as a low-
loss limiter and can save the transistor 
from being damaged if the preamplifier 
is subjected to excessive rf. Even rf from 
a high-frequency transmitter operating 
near a vhf antenna can do damage. This 
type of limiter is simple and effective. 
An added advantage is that it is placed 
after the selectivity. Hence, it will only 
activate when a strong input signal is 
present ~ it will not generate extra-
neous signals such as is common with 
back-to-back diodes connected across 

the input of a preamplifier ahead of the 
selectivity. 

The bias scheme is a modification of 
the current source used in the previous 
design and is a variation of a method 
proposed by Fairchild Semiconductor.2 

I refer to it as "zener-diode biasing." It 
is much simpler than the transistor 
current-source and is Jess prone to 
oscillate. This bias scheme allows the 
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fig. 3. Rf equivalent circuit for an opti-
mum source impedance network as de-
scribed in the text. 

emitter to be grounded directly, is 
insensitive to transistor current gain, 
provides some dc protection to the 
transistor and requires no adjustments. 

Fig. 5 is a simplified circuit of the 
zener-diode biasing scheme. The zener 
diode, CR2, sets the transistor collector-
to-base voltage ( V C B ) , R3 sets the l c 

with a fixed supply voltage and R1 
provides a keep-alive current flow for 
CR2. CR2 also provides protection to 
Q1 and limits the collector voltage to a 
fixed value. Once the proper values are 
chosen the transistor can be changed 
without any re-adjustment. The opera-
tion of this circuit is described in detail 
in appendix 2. CR3 (fig. 4) is an idiot 
diode (if you leave it out you're an 
idiot). 

The output matching scheme is sim-
plicity in action. This transistor (and 
many others like it) is so "hot" that all 
attempts at output matching caused 
instabilities. A computer program called 
S P E E D Y 3 was called into action and a 
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program was written to select an output 
network which was unconditionally 
stable (will not oscillate regardless of 
input or output load). The final net-
work turned out to be a 37-ohm collec-
tor resistor without any other matching 
elements. However, this lowered the 
gain too much. It was determined 
empirically that the collector resistor 
R2 can be raised to 100 ohms and 
seldom causes any instabilities. There-
fore, if the input to your preamplifier 
and converter is highly reactive (most 
are), then the 100-ohm resistor may 
have to be lowered accordingly. This 
type of loading is also applicable to 
other preamplifiers which are only 
conditionally-stable. 

Finally, a simple "bias-tee" consist-
ing of RFC2 in the preamplifier and 
RFC1 and C1 in the bias tee itself (see 
fig. 6) was added in case remote installa-
tion is desired. It not, this circuitry can 
be eliminated. 

construction 

Fig. 7 shows the preamp construc-
tion and the FMT4575 pin configura-
tion. A small cast aluminum box such as 
the Pomona 2417 (2.25x1.375x1.125 
inches or 57x35x29mm) is recom-
mended. This box is available from most 
major electronic suppliers for $1.60. 
However, almost any shielded box is 
acceptable. The entire preamp is built 
on a small 1-1/8x2-inch (29x51 mm) 
piece of double-clad glass-epoxy 
printed-circuit board which is attached 
to the box cover by the connector 
screws. If remote installation is not 
desired, FT3 can be mounted through 
the PC board and cover for power 
supply connections. This method of 
construction is versatile and simplifies 
soldering and testing. If you use the 
Pomona box, be sure to remove the 
paint where the lid contacts the box. 
Also file off the anodized coating on the 
edge of the cover which contacts the 
box. Failure to do so may result in 
erratic operation. 

Be sure to check the data sheet for 
proper connection of any transistor 
other than the FMT4575. There is no 
industry standardization for lead identi-
fication on microwave transistors. The 
emitter lead length on this type of 
microwave package is not too critical 
and 1/8 inch (3mm) is recommended 
for operation up through 500 MHz. 
Both emitter leads should be the same 
length and both should be grounded. 
The leads of CR1 should be kept as 
short as possible so that it performs like 
a capacitor. 

The rf connectors should be a good 

m rr? 

C l 100-180 pF miniature d ipped mica or 

ceramic 

C2 1000 pF miniature ceramic disc c r i 

C R 1 hot-carrier d iode (Hewlett-Packard 

5082-2810) 

C R 2 6.2 volt zener d iode (1N4735) 

C R 3 sil icon diode (1N914) 

FT1 - feedthrough capacitors, 470-1000 pF 

FT 3 

J1,J2 SMA- t ype coaxial connectors (see text) 

L I 4 turns no. 24 on 0.1" (2.5mm) diam-

eter, spaced wire diameter (approxi-

mately 30 nH) 

Q1 Fa i rch i ld F M T 4575 low-noise tran-

sistor (see text) 

R2 100 ohms, '/4 watt (see text) 

R F C 1 0.47 /JH miniature rf choke (Nytron ics 

SWD=0.47) 

R F C 2 0.2-0.47 JUH miniature rf choke or Ohm-

ite Z-460 (value not cr it ical) 

fig. 4. Schematic diagram for the ultra low 

noise 432-MHz preamplifier. RFC2 is required 

only if the preamplifier is installed remotely. 
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uhf type such as SMA (OSM®>. Discon-
tinuities in BNC connectors can cause 
noticeable noise figure increases when 
operating with such a low-noise-figure 
device. Type-uh f connectors are 
definitely unacceptable at 432 MHz. 
Type N or TNC are also acceptable, but 
may be too large if a small box is used. 
An inexpensive version of the SMA 
connector is manufactured by the E.F. 
Johnson Company (JCM series, part 
number 142-0296-001) and is priced 
under $2.00. The type of output con-
nector is not critical. 

operation and test 
After the preamplifier is assembled, a 

careful check of the wiring is recom-
mended. Next, the preamplifier should 
be connected to a +12 volt power 
supply through a milliammeter (0 to 10 
mA recommended). Terminate the pre-
amplifier with a 50-ohm input and 
output load if available. If not, connect 
an antenna and converter to the pre-
amplifier. 

For proper operation, the total cur-
rent should be 3.5 to 5.0 mA. If the 
indicated current is greater than 5 mA, 
remove power and recheck circuit wir-
ing. High current usually means either a 
short circuit and/or improperly con-
nected zener diode. If the power supply 
is variable, bring the voltage up slowly. 
At +11 volts, the current will be about 1 
mA less than at +12 volts; with a +13 
volt supply the current will be about 1 
mA higher than at +12 volts. This 
indicates proper operation of the zener 
diode biasing circuits. 

fig. 5. Dc schematic of the zener-diode bias scheme. 
Typical values are given in appendix 2. 

It should not be necessary to make 
any adjustments. However, if you have 
sufficient test gear available, adjust the 
turns spacing on L1 for best noise figure 
by pulling apart or squeezing. This 
usually will only vary the noise figure 
by ±0.1 dB. For those purists who want 
to get all they can squeeze out of the 
circuit, an additional 0.3 to 3 pF low-loss 
piston capacitor can be placed between 
the input or transistor side of L1 to 
ground (see figs. 3 and 4). 

input filter 
It is advisable to use a low-loss, 

+ /2 
VOLTS 

FT1 470-1000 pF feedthrough capacitor 

RFC1 0.3-0.47 jUH miniature rf choke (Ohm-

ite 2460 ) 

fig. 6. 432-MHz bias tee for use when the 
preamplifier is installed remotely is built into 
a small shielded box. Be sure to keep the leads 
on capacitor C I as short as possible. 

quarter-wavelength cavity filter ahead of 
the preamplifier since the simple broad-
band input circuit may cause inter-
modulation products from out-of*band 
signals. A suitable filter is shown on fig. 
8. It should be connected as close to the 
preamplifier as possible. This can 
usually be accomplished with a short 
coax adapter. Multiple-element filters 
such as comb-line and interdigital types 
are not recommended. The input vswr 
to this, and most other, low-noise pre-
amplifiers is typically 5:1. If a multiple-
pole filter is used, it may suffer severe 
passband ripple due to the high vswr. 
The net result may be additional loss 
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and, hence, higher noise figure at the 
operating frequency. It may also cause 
out-of-band oscillations. 

A word about the use of the pro-
posed filter may be in order. Af ter 
many hours of testing and re-testing 
various quarter-wavelength filters, I have 
concluded that a fi lter should not be 
tuned while connected to the pre-

greater this margin, the less chance that 
the preamplifier is only condit ional ly 
stable. Many uhf preamplifiers I have 
tested only showed 2 to 4 dB 
difference, a clue to their instabil ity. 

performance 

The ultra low-noise preamplifier 
really holds up to its title. The noise 

Rear view of preamplifier showing locations of R1, R3, C R 2 and C R 3 . Components 
can be identified from fig. 7 on next page. 

amplifier. Best results occur when the 
filter is adjusted by itself for min imum 
vswr with a good 50-ohm termination. 
Then the filter adjustment is locked in 
place. No further adjustments should be 
attempted if best results are to be 
achieved. Just connect the tuned filter 
to the preamplifier and accept its per-
formance. 

If very sensitive test equipment is 
available, the overall stability of the 
preamplifier may be tested. The reverse 
loss (inverting the input and oOtput 
connections) should be at least 8 to 10 
dB greater than the forward gain. The 

figure, when measured with a low-noise 
converter (2 dB maximum noise figure), 
is typical ly 1.2 dB. Some of the 
FTM4575s have even been below 1.0 dB 
and few have ever gone above 1.25 dB. 
The collector current can be easily 
adjusted by varying the supply voltage 
±1 volt. The lowest noise figure usually 
occurs at 2 m A l c . With the circuit 
shown in fig. 4, this wil l measure 3 mA 
to the preamp (subtract 1 mA, the 
keep-alive current of the zener diode — 
see appendix 2). 

A typical plot of noise figure and 
gain versus collector current is shown in 
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fig. 1. However, at 2 mA l c , the gain 
will be 1 to 1.5 dB lower and the 
intermodulation performance will drop 
by 6 to 8 dB. Therefore, 3 to 3.5 mA l c 

is recommended and is set by the values 
in fig. 4. It is interesting to note that the 
noise figure is optimum from 1.0 to 5.0 
mA l c and therefore no re-tuning is 
really necessary as only slight improve-

noise-figure measuring gear and units 
using the 5722 noise tube. Above 30 
MHz these devices tend to generate 
additional excess noise which tends to 
make noise figures look better than they 
really are. 

For instance, at 30 MHz the output 
of a typical automatic noise figure 
generator is 5.2 dB excess noise while at 

-pc acmso 

-fOUONH BOX COVER 

n B, C 

FORMING THE LEADS 

J2 ST. '—cl 

- 5(XSM£0 LEAD ON BAS£ ISEE TEXT) 

fig. 7. The ultra low noise 4 3 2 - M H z preamplifier is built on a small section of double-clad 
printed-circuit board which is attached to the cover of the cast a luminum box. 

ment is possible at higher collector 
currents. 

If a variable power supply is avail-
able, the operating point can be smooth-
ly and easily varied up to 10 mA 
l c for improved gain and intermodula-
tion performance. The noise figure will 
typically only be degraded up to 1 dB 
under these conditions; if only a fixed 
supply is available, R3 (see fig. 4) can be 
changed to 390-ohms and an external 
1000-ohm potentiometer (wired as a 
rheostat) can be used to vary l c . In this 
case a milliammeter in series with the 
preamp power supply input is recom-
mended. At extremely cold tempera-
tures the noise figure decreases while 
the gain increases. Hence, instabilities 
can occur; they are easily rectified if l c 

is varied accordingly. 

noise-figure measurements 
One last point may be in order 

concerning noise-figure measurements. 
Below 500 MHz there are considerable 
discrepancies when using automatic 

432 MHz the excess noise can climb to 
6.4 dB. If this is not accounted for the 
preamp may show a 1.2 dB better noise 
figure than the true value. This 
discrepancy is well known by the manu-
facturers and typical values are avail-
able. However, manufacturers are 
reluctant to compensate the older 
models since it would invalidate all test 
data and units in the field. 

On the Hewlett-Packard 343A this 
effect can be easily compensated for by 
lowering the diode current from 3.31 to 
2.5 mA at 432 MHz. Errors on the 
Hewlett-Packard 349A gas tube are less, 
typically only 0.4 dB. Newer units such 
as the AIL-75 should not have this 
problem. The so-called "hot-cold" 
method of testing is the most accurate 
system but is tedious and requires liquid 
nitrogen. 

The noise figures quoted in this 
article have been tested by the hot-cold 
test method and with automatic test 
gear that was compensated. Therefore, 
the results are true noise figures, not ad-
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vertising propaganda. Results have been 
widely correlated at the National Bur-
eau of Standards, Boulder, Colorado; 
CSIRO (Commonwealth Scientific and 
Industrial Research Organization), Syd-
ney, Australia, and elsewhere. In most 

j—TUNING KNOB 

C I 1 .5-2 .0 i n ch ( 3 8 - 5 1 m m ) d i ame t e r brass 

d i scs s o l de r ed to t u n i n g sha f t a n d L 2 

L 1 , L 3 n u m b e r - 1 2 c oppe r w i r e spaced 0 . 25 

i n ch { 6 . 5 m m ) f r o m L.2 

L 2 0 . 7 5 - 0 . 8 75 i n ch ( 1 9 - 2 2 m m ) O D c o p p e r 

or brass t u b i n g 
fig. 8- Typica l quarter-wavelength cavity filter 
for use on 432 MHz . Loss of this design is less 
than 0.2 dB and 3-dB bandwidth is IS M H z 
(typical). Sweat solder the lower ends of L I , 
L2 and L3 to the base plate. Adjust for 
minimum vswr with 50-ohm termination and 
lock tuning control. Cavity may be silver 
plated for long-term, low-loss performance. 

cases this preamplifier exhibited 1.0 to 
2.0 dB lower noise figures than the 
once revered low-noise standards such 
as the TIXM05, AF239, etcetera. 

other variations 

As pointed out earlier, this pre-
amplifier works well at other fre-
quencies although performance deterio-
rates above 500 MH2. The circuit was 
not optimized for other frequencies. 
However, even as is, the noise figure wil l 
be less than 2 dB at 144 and 220 MHz. 

Some slight adjustments wil l easily opti-
mize operation at any frequency from 
50 to 1000 MHz. 

Other transistors wil l probably work 
well in this circuit "as is." However, 
gain may be lower, the stability poorer, 
and the noise figure higher. Therefore, 
some adjustments or changes may be 
necessary, but these changes have al-
ready been discussed and should not be 
a problem. 

summary 

This preamplifier should bring you 
right up to the state of the art in noise 
figure. It is simple to build and operate 
with no adjustments necessary. Don't 
forget the input f i l ter, especially if you 
operate in a strong rf environment. 
Remember that this problem may be 
worse when the preamp is antenna 
mounted since the input line losses are 
usually lower. 

It is hoped that this article will 
inspire more vhf/uhf building and oper-
ating activity. Antennas and trans-' 
mitters are presently approaching the 
optimum. Now it is time to update our 
receivers to go along wi th this trend. 

My special thanks go to Fairchild 
Microwave for the use of the test 
equipment and devices necessary to 
design this preamplifier. Special thanks 
go to Will Alexander, WA6RDZ, for all 
his helpful suggestions. Last but not 
least, let me thank my wife for typing 
this manuscript. She says, " I t 's the most 
boring thing I've ever typed." 
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appendix 1 

noise figure 
The affect of gain on overall system noise figure 

can be calculated using the formula: 

N F 2 - 1 N F 3 - 1 

where: N F T = overall system noise factor 

N F j = noise factor of the f i rst stage 

N F 2 = noise factor of the second stage 

N F 3 = noise factor o f the th i rd stage 

G j = power gain of f i rst stage 

G 2 = power gain of second stage 

Note that all numbers must be in power gain fo rm 
since the use of dB wi l l result in large errors, 
especially when low noise figures are used. Noise 
factor can be converted to noise f igure by apply ing 
the fo rmula : 

noise f igure = 10 log 1 0 (noise factor) (2) 

Conversely, noise f igure IdB), can be converted to 
noise factor by 

noise factor = 10 a n t i l o g y (noise figure) (3) 

Refer to the i l lustration below for a typical 
example. First convert the noise figures (dB) to 
power factors using eq. 3. Then calculate the total 
noise factor using eq. 1 

M C - 1 K Q , 4 - 1 , 1 0 - 1 

N F T - 1.59 + — + J o T J g 

= 1.59 + 0.3 + 0.056 = 1.946 

noise figure = 10 l og 1 0 (1 946) 

= 10(0.29) = 2.9 dB 

PRE-

AMPLIFIER 
1 

POST-
AMPLIFIER 

2 

CONVERTER 

3 

PRE-

AMPLIFIER 
1 

POST-
AMPLIFIER 

2 

CONVERTER 

3 

EQUIV 
POWER 
FORM 

NOISE FIGURE,2 dB 
GAIN • 10 dB 

NOISE FACTOR ,1.59 
GAIN • 10 

NOISE FIGURE, E dB 
GAIN = 12 dB 

NOSE FACTOR,4,0 

SAIN • 16 

NOISE FIGURE, 10 dB 
GAIN • 20 dB 

NOISE FACTOR, lO.O 
GAIN = 100 

Note that the overall system noise figure is 0.9 
dB higher than that of the preamplif ier alone. 
Raising the preamplif ier gain to 13 dB or dropping 
the noise f igure of the second stage to 4 dB would 
drop the system noise f igure to approximately 
2.45 dB - a wor thwhi le improvement. It qu ick ly 
becomes apparent that another post ampli f ier w i t h 
a lower noise figure may be necessary if you are to 
approach the low noise figure of the preamplif ier. 
Why pay the price of a low-noise transistor and 
then lose part o f its capabi l i ty due to a high 
second-stage noise figure? 

appendix 2 
zener diode biasing 

Refer to f ig. 5. CR2 is a zener diode and 
determines the collector-to-base voltage, V C B , of 
the transistor Q1. The base-to-emitter voltage, 
V B E , of most low-noise transistors is 0.7 to 0 8 
v o l t a n d r e l a t i v e l y c o n s t a n t . Therefore, the 
col lector-to-emitter voltage, V C E , of Q1 is a f ixed 
voltage which is the sum of the V B E and the 
voltage of CR2. The current through R3 is given 
by the equat ion 

' C E 

R3 

The current through R3 divides between Q1 
and CR2. Ignoring R1, the only current f lowing 
through CR2 is the base current of Q1. Therefore, 
most of the current f lows through the collector of 
Q1 as l c . If the dc current gain of Q1 is low, the 
current through CR2 w i l l increase accordingly. 
However, if the dc current gain of Q1 is high (as it 
usually is), the current through CR2 is low and the 

regulation as a zener is poor. Therefore R1, a 
1000-ohm resistor, has been added to the circuit 
to force at least 0.7 mA through CR2. Since there 
is usually some base current, a value of 1.0 m A can 
be assumed for calculations. 

As an example, assume you want to operate 
f rom a 12-volt power supply w i t h a 
volts and an ) c of 3.0 mA 

' C E of 7.0 

R3 
V C E 

' ( C R 2 ) 

12 - 7 
' 0.003 + 0 001 

1250 ohms 

A 6.2 volt zener would be an appropriate 
choice for CR2. The collector current can be 
readily varied by changing either R3 or the supply 
voltage as indicated in the text . In the circuit of 
fig. 4 an addit ional diode was added in series w i th 
the supply voltage for reverse voltage protect ion. 
This voltage drop must be subtracted f rom the 
power-supply voltage when calculating the value of 
resistor R3. 
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solid-state 

S-meters 

These simple 

solid-state 

S-meter circuits 

feature printed circuits 

that attach directly 

to the meter 

terminals 

It's a pleasure to tune in a nice strong 
S9 +20 dB signal, but it's even nicer if 
you have an S-meter on your homebrew 
receiver with which to read signal 
strengths. The unfortunate thing is that 
very few S-meter circuits are available, 
and most of those that are available are 
carry-overs from the vacuum-tube days. 
Several popular circuits using either a 
single device or an IC have the further 
disadvantage that they are at full scale 
with no input signal and decrease with 
increasing signal strength, just opposite 
to what you would like to see on the 
meter face. 

The most straightforward approach 
to signal-strength indication is by volt-
age amplification of the detected audio. 
Most detected audio signals are in the 
10 to 50 mV range, and pushing this up 
to drive a 5-mA meter movement takes 

CM o 
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X* 
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</} 
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S 

a voltage gain of about 100, plus the 
added current gain. Neither of these 
tasks are easy with a single active device. 

Commercially available meters with S-
unit calibration seem to be limited to two 
movements, 0 to 1 mA and 0 to 5 mA 
types. Many modestly priced and mili-
tary surplus meters also have these same 
basic movements. In addition, there are 
a number of specialty meters with 
removable scales that use a basic 0 to 1 
mA movement, and these can be readily 
adapted for amateur applications. 

Fig. 1 and 2 illustrate two types of 
S-meter PC boards which mount direct-
ly to the rear of a meter using the 

SHURITE SMFTFP 
<MODEL 333-3J 

METER moumihc HAWmne 
MAKES ELECTRICAL CONTACT 
mTH PC SOARO (2 PLACCSS 

fig. 1. C o n s t r u c t i o n of the 5 - m A S-meter 
c ircuit shown in fig. 4. Pr inted-circuit layout 
is shown in fig. 7. 
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METER MOUNTING HARDWARE 
MAKES ELECTRICAL CONTACT 
WITH PC BOARD-

CALECTRO S-METER 
(MODEL 01-931) 

METER 
TERMINALS ^ 

METER AMPLIFIER 
PC ASSEMBLY 

common-emitter voltage amplifier with 
a simple positive pulse rectifier for the 
meter. The 35-nF meter shunt capaci-
tor, C I , filters the rectified audio signal. 

Fig. 4 is an S-meter amplifier for a 
typical 0 to 5 mA meter movement. Simi-
lar to the 0 to 1 mA design, the second-
stage voltage amplifier, Q2, is followed 
by an impedance-matching stage, Q3, a 
simple emitter follower. Performance 
specifications for both circuits are given 
in table 1. 

fig. 2. S-meter assembfy designed for Calectro 

D1-931 1-mA meter. Circuit is shown in fig. 

3, printed-circuit layout in fig- 5. 

meter's plus and minus terminals. This 
allows free access for panel mounting, 
separates the meter-amplifier circuits 
from the rest of the receiver, and 
provides for easy add-on or modifica-
tion at a later date. 

circuit operation 
Fig. 3 shows a schematic for a meter 

amplifier designed for a 0 to 1 mA S-
meter. The fet input provides a high 
impedance to the detected audio and 
minimizes loading and distortion prob-
lems. T h e second stage, Q2, is a 

M JSmA 

JSnF^S-METER 

15V 

N9l4 

fig. 4. S-meter circuit designed for 5 -mA 

meter movement uses two-stage voltage ampli-

fier with an emitter-follower output. Printed-

circuit layout for this circuit is shown in fig. 7. 

fig. 3. S-meter amplifier designed for a 1-mA 

meter movement consists of two-stage voltage 

amplifier and meter rectifier. Printed circuit 

for this circuit is shown in fig. 5. 

construction 
Fig. 5 and 7 show the PC board 

layouts and component installation dia-
grams.* Resistors can be 1/8- or 1/4-
watt units although 1/2-watt compo-
nents can be bent slightly or installed 

table 1. Performance specifications of the 

S-meter circuits shown in figs. 3 and 4. 

A u d i o s ignal i n pu t <S-9) 25 -30 m v p-p 

A u d i o signal i npu t 

( fu l l scale) 50 -60 m V p-p 

F r e q u e n c y r e sponse 500 H z t o 10 k H z 

i npu t I m p e d a n c e greater t han 1 meg 

P owe r s u p p l y 12 t o 15 V d c 

" U n d r i l l e d p r i n t ed - c i r c u i t b o a r d s a re ava i l ab l e 

f r o m t h e a u t h o r f o r $ 1 . 00 p o s t p a i d . 
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METER _ 
TERMINALS 

H4*® 4 0 

- - IP 
3S»r 

2400 _ | gOO 

AUDIO INPUT' 

fig. S. Printed-circuit layout for the 1-mA 
S-meter circuit. Full-size printed circuit is 
shown In fig. 6. 

vertically on the board to fit. The values 
for the source and emitter bypass capac-
itors is arbitrary, and almost any tan-
talum or electrolytic above 5 or 10;uF 
will work satisfactorily. An inexpensive 
dipped tantalum is recommended. The 
same general capacitance discussion 
applies to the 5-mA board, but more 
room is available on this board for the 
installation of axial-lead components. 

An infinite number of transistor sub-
stitutions are possible in these two 
circuits. Almost any audio n-channel, 
depletion-type fet should work at Q1 by 
adjustment of the 560-ohm source resis-
tor for maximum voltage gain at the 
base of Q2. A general-purpose audio 
npn transistor can be substituted for Q2 
and Q3 by adjusting the 15k bias 
resistor of Q2, and the 7.5k bias resistor 
of Q3, respectively. In both cases the 
resistors should be selected for maxi-
mum voltage gain to the succeeding 

fig. 6. Printed circuit for the 1-mA S-meter. 
Component layout is shown in fig. 5. 

35 pF M + 

t i l 5 * * 

'SH440I [ 7.3* 

"mm 

2NS4S9 

I3k ,N9"' 

* | /3fl J(F 
.a 

;iom 

t j j r ± 33 pF 

-METER 
TERMINAL 

o m o 
+ V AUDIO 

INPUT 

fig. 7. Prirt<sd-circuit layout for the 5-mA S-meter circuit. Full-size printed 
circuit is shown in fig. 8. 
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fig. 8. Printed circuit for the 
S-mA S-meter. Component layout 
is shown in fig. 7. 

stage or in the case of Q3, selected for 
maximum meter movement. When 
selecting bias resistors, it is suggested 
that a 20- to 50-mV 1000-Hz audio 
signal be applied to the input of Q1, and 
that a high-impedance scope or vtvm be 
used to monitor signal gain. 

application notes 

Fig. 9 shows a typical application for 
the S-meter assemblies in a receiver. 
Since the detected audio level wil l vary 
with each receiver, it is necessary to 
install a sensitivity adjustment. Al-
though this schematic shows a potentio-
meter, a simple two-resistor voltage 
divider is adequate. The sensitivity ad-
justment should normally be set for a 
meter indication of S9 (approximately 

half scale) with a modulated 50 /uV 
signal applied to the receiver's antenna 
terminal. The sensitivity control should 
be a 50k to 100k unit to minimize 
loading effects on previous stages. 

Since many 0 to 1 mA and 0 to 5 mA 
meters have different screw terminal 
locations than those shown here, you 
may want to use Vector board construc-
tion, following the general parts and 
connection data shown in fig. 5 and 7. 
An alternative is to locate the PC board 
externally and use jumper wires to the 
meter. 

If meter motion bothers you, the nee-
dle can be damped (or left to free swing) 
by increasing (or decreasing) the value of 
the 35-juF meter shunt capacitor. 

ham radio 

fig. 3. Installing the S-meter amplifier in a typical receiver. Sensitivity pot may be replaced by 
simple resistive voltage divider, if desired. 
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high-frequency 

lowpass filter 

A simple, 

easily duplicated, 

lowpass filter, 

with 60-dB attenuation 

on channel 2 

that can be built 

for under five dollars 
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One of the best ways to motivate a 
casual reader to build a project is to 
descr ibe something comparatively 
simple to construct which has more-or-
less universal appeal. When such a pro-
ject is presented along with a solution to 
any parts procurement problems, the 
desired result is often achieved: the 
reader becomes a builder. The following 
is offered with such a philosophy in 
mind. 

design 
Recently a supply of high-quality 

ceramic capacitors came to my atten-
tion at the extremely low price of six 
for a dollar — they usually sell for three 
dollars apiece. These are ideal for a T V I 
lowpass filter being rated at 67 pF at 
7500 Vdc and they are small enough to 
be non-inductive since they're only 3/4 
x 3/4 inch (19mm x 19mm). My first 
thoughts were to use these in a relative-
ly non-critical lowpass filter circuit of 
the type shown in fig. 1A. This is 
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merely a combination of three pi-
section filters, as shown in fig. IB. No 
tune-up adjustments would be needed, 
and the circuit is easily reproduced. 
That dream went down the drain when 
the resultant filter showed compara-
tively low attenuation at TV channels 2 
and 3. Unfortunately this is where it is 
needed most. One could re-design, 
possibly by lowering the cutoff fre-
quency and thus omitting 28-MHz 
coverage, but only at the cost of larger, 
more cumbersome, and more expensive 
components. 

Back to the old reliable. If we elect 
to keep the good features of the simple 
filter mentioned above, and then add 
series-tuned circuits at each end of the 
filter, we find that most of our needs 
can be satisfied by the design shown in 
fig. 2. Engineers describe this type of 
lowpass filter as having M-derived ter-
minating half sections at each end, with 
two constant-K midsections. Most of 
the construction is non-critical, and 
when the end sections are tuned to 
channel 2 (55 MHz) or channel 3 (61 
MHz) the theoretical attenuation ap-

- C I , ±1 r r r i 

rh 

fig. 1. Initial filter design in (A) provided poor 
attenuation at crucial lower television channel 
frequencies. Electrical equivalent of the cir-
cuit is shown in (B). 

proaches 60 dB, a ratio of one million 
to one! Assuming that your transmitter 
is properly shielded and filtered, this 
should cure any TV I problems except 
the toughest ones. As an unintended 
bonus, this should prove to be a very 
rugged filter, diff icult to burn out even 
when operated on lines with high 
standing-wave ratios. 

chassis 

I used an unpainted LMB type 780 
" t ight- f i t " chassis as the basis for this 
filter. It is made with a great deal of 
attention, and the close mechanical tol-
erances employed by the manufacturer 
should endear this type of chassis to all 
filter builders. I also tried to simplify 
the internal shielding problem by using 
a smaller LMB type 770 " t ight- f i t " 
chassis to enclose the center section of 
the filter. While this is a good design, I 
felt that even better shielding and har-
monic attenuation were called for, at 
least in the prototype circuit. The addi-
tional vertical shield is the result of 
these considerations. 

Personally, I doubt whether such 
extreme "weatherproofing" is required 
in all installations. You might simplify 
your construction initially by omitting 
the vertical interstage shield, adding it 
later if needed. In a strong TV signal 
area I don't believe this shield will be 
necessary. The %-inch (6.5mm) square 
rods which I attached to the main 
chassis cover as a precautionary measure 
are similarly optional. 

coil winding instructions 

All five coils are wound with either 
number-16 or -14 enameled wire,* using 
a Va-inch (12.5mm) diameter form as a 
mandrel. Wind the coils in closewound 
fashion and leave 1-inch (25mm) pigtails 
at each end. Bend these at approxi-
mately right angles, carefully remove 

*Do riot attempt to use bus-bar wire or hard 
drawn copper wire for the coils. These types 
are prone to spring open to a greater diameter 
when removed from the '/a-inch (13mml form. 
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the enamel, and tin the ends. Space the 
coils uniformly by using a 2-inch 
(51mm) length of number-14 wire as a 
gauge, passing it between the turns from 
one end of the coil to the other. After 
this is done, make certain that the shape 
and spacing of the coils is not altered by 
handling; if this happens, re-space the 
turns with a piece of number-14 wire as 
outlined above. 

I used number-16 enameled wire for 
the end-section coils (LI and L5), since 
the current carrying capacity of 
number-16 wire (22 amperes continuous 
in open air) is more than adequate. I 
chose number-14 wire for the inductors 
carrying the throughput (L2, L3 and 
L4) since I wished to keep losses down. 
The filter should be capable of handling 
the output of all but the highest pow-
ered amateur rigs, although it was design-
ed to serve the 90% of amateurs who 
own high-frequency rigs in the 200 to 
300 watt input class. All capacitors were 
checked at 1000 volts ac before installa-
tion, and the completed filter was tested 
at 700 volts ac. A 1-kW input trans-
mitter will have an rf output of 800 
watts at most; if this is fed into a well 
matched 50-ohm coaxial line, the maxi-
mum rf voltage will be 200 volts at a 
line current of 4 amperes.* The filter 
could probably handle this with no 
trouble. 

It is not necessary that the mechani-
cal layout be followed, but if you do, 
success will be easier to come by. One 
item of note: In the mechanical design 
of this filter I took a close look at the 
problem of interstage leakage. When 
you consider that the coils are only 

W20LU's lowpass filter is housed in LMB-780 
chassis which provides a compact, nearly rf-
tlght enclosure. 

1 LMB 770 

C1,C6 50 pF APC or MAPC variable 
C2.C3 67 pF ±5%, 7500 working volts dc 
C4.C5 (Centralab type 850S ceramic capa-

citor, 6 for $1.00 from John Meshna, 
P.O. Box 62, E. Lynn, Massachu-
setts 01904) 

L1.L5 0.2 £IH, 3 turns no. 16 or no. 14 
enamelled, '/* Inch (13mm) ID, spac-
ed 1/8 Inch (3mm) per turn 

L2.L4 0.3 (IH, 5>/2 turns no. 14 enam-
elled, Vi inch (13mm) ID, spaced 
1/8 Inch (3mm) per turn 

L3 0.38 / iH, 7 turns no. 14 enamelled, 
•/a inch (13mm) ID, spaced 1/8 Inch 
(3mm) per turn 

fig. 2. Final design: lowpass filter with 
42.5-MHz cutoff frequency and theoretical 
attenuation of T V channels 2 and 3 greater 
than 60 dB. Filter is enclosed in 1-MB 780 
c h a s s i s ( 5 . 2 5 x 3 . 0 x 2 . 1 3 i n c h e s 
[134x76x54mm]; components C2, C3, C4, 
C5 and L3 are enclosed in an LMB 770 box 
(2 .75x2 .13x1 .63 inches [70x54x41 mm)) . 
Construction details are shown in the photo-
graphs. 

1/z-inch (13mm) in diameter, the large 
holes often found in interstage shielding 
assume noticeable proportions. To keep 
inductors L2, L3 and L4 from "seeing" 
each other, I reduced the diameter of 
the pass-through holes to 3/16 inch 

'Standing waves on the line will cause the 
maximum rf voltage to increase. Editor 
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(5mm). Also, center inductor L3 was 
offset so that it was mounted as far as 
possible from the other two parallel 
mounted coils. Attention to these seem-
ingly small details makes the difference 
between a first-class filter and one hav-
ing only "so-so" characteristics. It is all 

MHz for channel 3) with a grid-dip 
oscillator. If you lack this simple instru-
ment, I found that if the filter is 
constructed closely following the orig-
inal, the two end capacitors are each 
about 75% fully meshed and at an angle 
of 41°. This was measured both with a 

ft? 

CZ.C3 
134 

C4/Z 
134 

Fo • SSMHt 
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fig. 3. Tuneup data for the lowpass filter. The input and output sections in (A) are first shorted to 
ground and tuned to 55-MHz (Channel 2 video carrier) or to 61 M H z (Channel 3 video carrier). 
Center section in (B) should resonate at 31 MHz, and terminating half-sections (C) should resonate 
at 37.5 MHz . Filter cutoff frequency is 42.5 MHz. 

too easy to nullify part of the potential 
attenuation of such a filter unless you 
remember that our goal is to cut down 
on TV I harmonics by a ratio of a 
million-to-one! 

tune up 
When the end sections are first in-

stalled, short them to ground with a 
short strap and dip them to 55 MHz (61 

Center section of the fitter consists of four 
8SOS ceramic capacitors and one inductor, 
contained in a L M B 770 Minibox. 

machinist's protractor and the 25£ plas-
tic type that can be found in stationery 
stores. If the filter is built as described, 
the intermediate sections should come 
out close to the optimum figures (see 
fig. 3} since the mid-section capacitors 
are rated at 5% accuracy. 

conclusion 
Full instructions for dipping and 

tuning lowpass filters can be found in 
both the ARRL Handbook1 and the 
Radio Handbook2. Follow the drawings 
closely and the odds are that the TV I 
beasties will no longer flow out through 
your coaxial line. Total cost? A pleasant 
surprise in these days of high inflation. 
How does five dollars strike you . . . and 
with spare parts left over! 

references 
1. Radio Amateur's Handbook, 47th edi-
tion, A R R L , Newington, Connecticut, 1970, 
page 585. 
2. The Radio Handbook, 17th edition, Edi-
tors and Engineers, Ltd., New Augusta, Indi-
ana, 1967, page 380. 
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channel scanner 
for the 

Regency HR-212 

Construction data 

for a 12-channel 

frequency scanner 

to update 

this popular 

two-meter transceiver 
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If you've been thinking about trading 
your Regency HR-212 two-meter frn 
transceiver for one of the scanning 
models on the market, but find you 
have more time than money, then this 
modification may be the solution to 
your problem. For about $20 you can 
provide your HR-212 with scanning 
capability. 

Explicit details on parts layout are 
not included because the circuit was 
built on a board designed for experi-
mentation and isn't the best possible 
layout. Although I used wire-wrap for 
IC interconnections, there's no reason 
why someone with more time and talent 
couldn't use printed-circuit techniques. 
As the photo shows, the mods made to 
the transceiver front panel don't detract 
from its appearance. 

Since the HR-212 uses diode switch-
ing of receive crystals, half of the 
scanning circuit is already contained in 
the unit. The circuit described here is 
essentially an electronic switch which 
replaces the receive mode rotary switch, 
S2, on the HR-212. 
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The scanning circuit operates as 
follows: 

1 . The circuit scans 2, 3, 4, 5, 6, 7, 8, 
10 or 12 channels, depending on how 
programmed. These numbers can be 
changed easily when crystals are added 
or removed. 

2. Scanning will stop and remain stop-
ped on the channel being monitored if: 

A. There is an incoming signal on that 
channel. 

B. The LOCK switch is in the LOCK 
position. 

C. Transceiver is in the transmit 
mode. 

D. The SCAN-MANUAL switch is in 
the MANUAL position. 

Scanning will resume three seconds after 
the locking stimulus has been removed. 

3. If scanning has been locked manu-
ally, pushing the STEP switch causes a 
jump to the next channel. If the scanner 
is stopped on an incoming signal, push-
ing the STEP switch will cause the 
scanning operation to resume until 
another active channel is encountered. 

4. The SCAN-MANUAL switch takes 
the place of the original mode switch, 
S3, on the HR-212. When placed in the 

' 'Cm 

u 1 X.V 

Bottom view of Regency H R - 2 1 2 showing 
terminal board and voltage-regulator leads 
protruding through chassis. Small wires go to 
scanner board switching outputs, others go to 
L E D s and crystal-switching diodes (S I A) . 

MANUAL mode, the scanning circuit is 
disabled and receive frequency follows 
transmit frequency. (Transmit fre-
quency is always determined by the 
transceive rotary switch.) 

construction 
Receive channel indication is by 

means of LEDs, one for each channel 

I 
i5v -A/V-v O 68 
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1 2 3 4 5 6 7 8 9 tO II IS SCANNING 
CIRCUIT 
SWITCHING 
OUTPUTS 
connecTco 
HERE 
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o»- O o 

o 
S 3 
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fig. 1. L E D board and switching connections. 
Switch S 1 A is the transceive 12-position 
switch on the HR-212. T h e H R - 2 1 2 switching 
diodes are common to this switch (CRS01 
through C R S 1 2 ) . 

(fig. 1). The LEDs are placed on a 
3x21/4-inch (76x64mm) copper-clad cir-
cuit board, which is then mounted to 
the front chassis panel (see installation 
instructions). These LEDs will then pro-
trude through small holes which are 
drilled in the front panel of the cabinet. 
I chose to place the indicators on the 
right side of the channel identification 
positions. This method still left enough 
room for identification using standard 
%-inch (6mm) embossing tape. 

The scanning circuit (fig. 2) is con-
structed on a 2x41/a-inch (51x114mm) 
copper-clad circuit board. Discrete com-
ponents are interconnected through the 
copper of the circuit board wherever 
possible. Wire-wrap sockets are used for 
the integrated circuits, and connections 
are made between them and to the 

march 1975 QQ 29 



discrete components using wire-wrap 
terminals which are soldered to the 
board. Discrete component values can 
vary to some extent from values given 
with the exception of Resistor R x and 
capacitor C x . Therefore, don't be afraid 

capacitors (fig. 3). This IC comes 
packaged in a TO-3 transistor case and 
can be mounted directly to the chassis 
below the scanner board. Don't neglect 
to use the bypass capacitors as shown 
with the voltage regulator as it is impor-

01, 02,03 « 2N2222 OR EQUIVALENT 
PIN If OF U2 • +5 V, PIN 7 ' SNO 

CHANNEL 

2 3 4 s 6 7 B 10 12 

R1 a A C A D A 8 C C 

m B B C c 0 D D e 

IF to. 1) 

fig. 2. Scanner board schematic. Logic can be changed via the programming 
matrix to scan any desired number of channels. 

to use your junkbox. Almost any npn 
silicon transistor can be used for Q1, Q2 
and Q3. 

The 5-volt power supply necessary 
for the ICs and LEDs consists of an 
LM335 voltage-regulator IC and several 

tant to keep rf and transients out of the 
5-volt supply. 

testing 
When the scanner board has been 

completed, test it with an oscilloscope 

30 0 3 march 1975 



or voltmeter before mounting it in the 
HR-212. Before applying 5 volts, con-
nect the squelch input to a 5-volt point 
in the circuit and ground pins 6 and 7 of 
the SN7492 IC (U3). When voltage is 
applied, a square wave of approximately 
6 Hz should be detected o n the col lec-

tor of Q3 (point Y). If no square wave is 
present, then look for it on pin 3 of the 
NE555 timer IC (U1). If nothing is 
there, then check the voltage on pin 4 
of U1 and U2; both should read more 
than 2 volts dc. If the oscillator is 
w o r k i n g p r o p e r l y , then check the 
squelch locking circuit by grounding the 
squelch input. Oscillation should cease 
abruptly. When 5 volts is reapplied to 
the squelch input, oscillation should 
resume in about three seconds. 

The scanner board switching outputs 
are checked as follows: place a tOk 
resistor between 5 volts and pin 1 of U4 
(SN74145N). If the oscillator is run-
ning, the voltage on this pin should drop 
to zero momentarily once every two 
seconds. Perform this same test for pins 
2 through 6 of U4 and 1 through 6 of 
U5. Now ground pins 10 and 12 of 
U2 (SN7400N). Al l switching outputs 
should remain constantly at 5 volts. If 
the scanning circuit has passed all the 
preceding tests, then wash up and pre-
pare for surgery (if you're not shaking 
too badly). 

installation 

First remove the dial light from the 
receive dial (right) side of the HR-212. 
Then cut the wires off of the receive 
channel rotary switch (S2 of HR-212) 
close to the switch. Remove the 12-
position rotary switch and replace it 
with a 3-pole, 2-position rotary switch. 
Mount the LM335 voltage-regulator IC 
on top of the chassis (centered in front 
of the transmitter circuit board). Mount 
a 12-terminal board or block on the 
underside of the chassis below the volt-
age regulator. Connect the wires remain-
ing from the removal of S2 to this 
terminal board in a sequential manner. 

LED board. Position the board in front 
of the chassis, making sure it clears the 
transceive dial on the left. Mark and 
drill holes for the manual-scan switch 
shaft and the momentary contact step 
switch (this switch is mounted on the 
LED board). The step switch will pro-
trude through the hole vacated by the 
receive dial window on the front cabinet 
panel. Remove the front panel from the 
cabinet and drill twelve 3/32-inch 
(2.5mm) holes for the LEDs. Then line 
up the LED board and front panel using 
the hole drilled for the manual-scan 
switch shaft as a guide. 

Clamp the panel and board together 
and drill the LED board using the front 
panel as a template. These holes should 
then be enlarged to 1/8 inch (3mm). 
Etch a suitable pattern on the board to 
which the LEDs can be soldered, and 
make a provision for the 68-ohm 
current-limiting resistor. When the LEDs 
are mounted, check to make sure they 
all work, then secure with epoxy. This is 
very important, because the MV-5080 
LEDs have very delicate leads that will 
break off if the LEDs have any freedom 
of movement. Finally, attach thirteen 
8-inch (20cm) leads to the board (one 
for each LED and one for the 5-volt 
common bus}. 

M o u n t the momentary contact 
switch on the LED board, then carefully 
position the board on the front chassis 
panel and mount it on %-inch (6mm) 
spacers. The spacers should be secured 
to the chassis first, then the LED board 
should be positioned loosely over both 
the spacers and nuts. Dress the wires 
through the front chassis panel and 
connect them to the proper terminals 
on the terminal board beneath the 
chassis. Connect the 5-volt common 
lead directly to the 5-volt side of the 
voltage regulator. 

Scanner board. Mount four 1-inch 
(25.5mm) spacers to the chassis and 
secure them with nuts. Position the 
scanner board far enough away from the 
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front chassis panel so that wires can be 
routed between, then mark and drill 
mounting holes on the circuit board. 
Mount the board loosely on the spacers. 

Connect twelve wires to the switch-
ing outputs using the wire-wrap tool, 
then connect the other ends to the 
appropriate terminals below the chassis. 
The rocker switch on the HR-212 is 
now used for the locking switch, S2. It 

HO ID 
116 V 
INPUT 

O LM335 

'005 

m m 

Iioiif; 

m 

+ 5V 
OUTPUT 

O 

,005 

m 

fig. 3. Power supply for the scanner modifica-
tion uses a L M - 3 3 5 voltage-regulator IC. 
Bypass capacitors are important. 

should be open in the U N L O C K E D 
position. Two unused, normally open 
contacts on the HR-212 transmit-receive 
relay are used for K1. The 470-ohm 
resistor in series with this relay is 
optional. Its function is to shorten the 
delay time of the scanner. This may be 
desirable if most of your activity is via 
repeaters. 

The squelch input is connected to 
the HR-212 receiver. Locate R5, a 33k 
resistor connected directly to the 
transmit-receive relay; replace this resis-
tor with a 27k resistor. The squelch in-
put line should be connected to the side 
of this resistor that is not common to 
the relay. 

Follow the programming matrix for 
setting the number of channels you 
intend to scan. The dashed lines on the 
schematic show how the scanner would 
be programmed for four channels. You 
may wish to employ a switch or 
switches to facilitate easy programming. 
Connect the SCAN-MANUAL switch to 
the circuit board and note that the 
rotating contact of the T R A N S C E I V E 

rotary switch should also be connected 
to the SCAN-MANUAL switch at point 
X. All that remains to be connected 
now is the power supply. Try the 
scanner out for awhile before you fasten 
the board down. The scanning rate can 
be increased by making C T or R T smaller 
(preferably C T only). 

conclusion 
Parts layout for the scanner circuit 

is not critical. There was enough room 
on the board for the scanner as well 
as a tone-burst oscillator, which was 
designed around a Signetics NE566 
function-generator IC. You may wish to 
lay out the entire project on a printed-
circuit board rather than use the wire-
wrap method. 

The greatest problem encountered 
with this scanning unit initially was that 
it tended to go wild during transmit 
operation due to rf and transients get-
ting into the T T L ICs. This should not 
be a problem if all bypassing capacitors 
shown are used. Additional 0.05-jtiF 
capacitors can be installed at the V c c 

input of each IC if this problem persists. 
If you don't like the idea of drilling 

holes in your HR-212 cabinet, you 
might consider building the scanner as a 
remote unit. This will require a 15-
conductor cable and connectors. The 
output of the SN7492 counter could be 
used with a BCD-to-seven-segment de-
coder to drive a seven-segment display 
as a means of channel identification. 

If you live in an area with a lot of 
two-meter activity you'll probably find 
it necessary to improve the selectivity of 
your HR-212.1 If you don't, you may 
find the scanner locked on 146.88 MHz 
while the received station is transmitting 
on 146.94 MHz. 

reference 
1. Paul J. Dobosz, WA8TMP, "Narrowband 
Modifications for the Regency HR-2 Series of 
VHF-FM Transceivers," ham radio, Decem-
ber, 1973, page 44. 
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low-cost 
az-el antenna mount 

This article describes a simple, easy-to-
build az-el (azimuth and elevation) 
mount for medium-sized vhf beams, and 
suggests that experimenting wi th the 
angle of elevation of beam antennas and 
the type of polarization, using the vari-
ous vhf propagation modes, may yield 
useful scientific information. 

In my az-el antenna mount the azi-
muth rotor is a TR-44, although a 
smaller, less expensive unit would work 
as well wi th small beams. (Oscar 6 
expert K2BZT uses two Alliance U-100 
rotors in his az-el mount which handles 
a 10-element circularly polarized Yagi.) 
The TR-44 azimuth rotor is mated to 
the bot tom plate of a plywood sand-
wich by an 11-inch (28cm) stub mast 
and the bot tom mast support which 
comes wi th CDR rotors. The stub mast 
can be as long as five or six feet (1.5 to 
2 meters) to get the beam antennas 
higher, but much more than that would 
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be pushing your luck in ice and wind 
storms. 

plywood sandwich 
The plywood sandwich consists of 

two pieces of half-inch (13mm) ply-
wood 8x9V2 inches (20x24cm) and four 
spacers of the same material which keep 
the top and bottom plates one-half inch 
(13mm) apart so that the mounting 
hardware does not touch. Construction 
details for the plywood sandwich are 
shown in fig. 2 and 3. 

A unique feature of the sandwich is 
that the elevation rotor mounts directly 
over the azimuth rotor which results in 
balanced downward thrust. Unbalanced 
weight creates a bending moment which 
strains both mast and rotor. 

f i g . 1. Alliance U-100 elevation rotor 
mounted directly over C D R T R - 4 4 azimuth 
rotor by means of plywood sandwich and 
11-inch (28-cm) stub mast. 

Before assembly, the two plywood 
plates and four spacers should be sanded 
and given at least two coats of high 
quality, outside house paint. After the 
sandwich is bolted together, the two 
seams are sealed with vinyl tape to keep 
water out, and the unit is given a final 
coat of paint. If this sounds too fussy, it 
is only because I have seen water pour 
out of waterproof baluns, trickle down 
the inside of new coaxial cable, split and 
destroy plywood, and fill a sealed 
quarter-wave transformer made of 
hollow tubing. No one will ever know 
how many weak signals are due to 
watered-down power! 

elevation rotor 
The U-100 elevation rotor is attached 

to the top of the plywood sandwich 
using the mast hardware supplied with 
the unit. Use flat washers and lock 
washers throughout. Tape the seams of 
the U-100 to keep water out. The bolts 
holding together the two halves of the 
U-100 loosen with time; tighten them 
every six months. 

The U-100 rotor permits the boom 
holding the vhf antennas to pass entirely 
through the rotor unit, as the photo-
graphs show. Blonder-Tongue Prism-
Matic rotors offer the same advantage. 
This is a must to achieve proper weight 
balance. If a single crossed Yagi is 
mounted on one side of the elevation 
rotor, a counterweight should be 
mounted on the opposite side. 

The cross boom is a 5-foot (1.5-
meter) wooden pole from a beach um-
brella in order not to detune the Yagis, 
which should be mounted as closely 
together as possible. A metal boom 
could be used, but I prefer a strong, well 
painted wood boom for proper de-
coupling. 

The two 3-element Yagis are mount-
ed at 90° to each other, and 45° to the 
boom. One beam could be mounted 
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vertically and the other horizontally, but 
that posed a problem in this case be-
cause of the beam hairpins and baluns. 
The stub mast must be long enough to 
permit the beams to clear the support-
ing structure when the beam is rotated 
at full 90° elevation. 

elevation control 

A word of caution: before installing 
your masterpiece on top of a tall tower 
or high roof, conduct a dry run on the 
ground where you can easily, "correct 
any malfunction," as they say in the 
electronics industry. (The first time I 
elevated my antennas they pointed 
down into the driveway.) 

Calibrating the elevation control is 
simple. I use east for the horizontal 
position and north for 90° elevation 
(straight up). A paper elevation calibra-
tion chart is pasted to the control unit 
between E and N. 

use with satellites 
While you do not nead a beam, or an 

az-el mount, to work successfully 
through a satellite, using a good beam 
on such a mount gives superior results 

fig. 2. Details of sandwich made of V2-inch 
( 1 3 m m ) p l y w o o d , well painted against 
weather. Bottom plate bolts to mast support 
for T R - 4 4 or Ham-M rotor. Top plate bolts to 
U-100 rotor. Bolts fasten plates together, 
separated by four plywood spacers. Dimen-
sions are shown in fig. 3. 

NUTS. LOCK 
WASHERS AND 
FLAT WASHERS 
FROM MAST 
SUPPORT FITTING 
BELOW, 

-HOLES FOR INSERTING 2' (SI mm) BOLTS 
TO HOLD SANDWICH TOGETHER (3 HOLES 
ON LONG SPACERS. 2 HOLES ON SHORT 
SPACERS). 

sweeps 
TWO: 9-W X 1" (235 X 25 mm) X 1/2' (13 mm) 

PLYWOOD 
TWO 6" X I" (152 X 25 mm) X 1/2' (tj mm) 

PLYWOOD 

fig. 3. Construction details for the bottom 
plate of the plywood sandwich. Top plate is 
similar (see fig. 2). 

with less power. And the tests you can 
make are very educational. The Oscar 
satellites give you an opportunity to do 
something which amateurs have never 
before been able to do — listen on the 
downlink to your own signal coming 
back to you from a distant point (outer 
space) so that you can instantly hear the 
results of changes in power, types of 
antennas, and beam headings and eleva-
tion angles. There's no guesswork, no 
baloney, no inflated reports! 

With a satellite, those adventuresome 
souls with a high-gain beam on an az-el 
mount are the first stations to access the 
bird on its pass, have the best signals (if 
they keep the beam heading in the right 
direction, at the right elevation), and 
work through the satellite up to the last 
possible moment before it drops over 
the horizon. On the other hand, an az-el 
mount keeps you a lot busier on a 
satellite pass than a fixed antenna so if 
you are the nervous type, you probably 
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would be better off to stick to a ground 
plane. Another possibility is the auto-
matic az-el control system described in 
the January issue of ham radio.1 

vhf propagation 

There are numerous types of vhf 
propagation to explore and much to 
learn about over-the-horizon vhf/uhf 
paths, most of which exhibit very un-
predictable behavior. Here is ideal terri-
tory for the purposeful amateur seeking 
a chance to contribute to scientific 
knowledge. 

fig. 4. Assembly, supported by 
four braces, mounted on2x4 - foo t 
(60x120cm) plywood frame for 
fastening to flat area. T R - 4 4 rotor 
can be mounted on regular tower. 
Length of mast f rom TR-44 to 
U-100 should not exceed 5 to 6 
feet (1.5-2 meters). 

For example, does the angle of eleva-
tion of an efficient multielement beam 
with a relatively narrow main lobe 
affect vhf/uhf propagation which results 
from ducting, sporadic-E, temperature 
inversion, obstacle gain, aurora reflec-
tion, tropospheric scatter, ionospheric 
scatter, etcetera? If it does affect propa-
gation, then in what way? 

It is already known that the angle of 
elevation is important in satellite and 
moon re f l ec t i on communications. 
Moonbounce expert W6PO reports that 
once an antenna is high enough to be 
free of ground effect, elevation control 
is a key factor in meteor trail reflection, 

making possible short-range communica-
tions (under 500 miles), such as be-
tween California and Nevada. Antennas 
are tilted upward and aimed at a meteor 
shower over northern Oregon so that 
the angle of reflection equals the angle 
of incidence on the reflection path. 
Presto — meteor reflection contacts over 
short distances! 

polarization 

Besides experimenting with the angle 
of elevation, worthwhile tests can be 
conducted comparing horizontal, verti-

cal and circular polarization (right- and 
left-hand). W6PO suggests that tilting an 
array sideways — halfway between hori-
zontal and vertical polarization — to 
achieve "lopsided polarization" might 
lead to interesting results. 

Circular polarization may be pro-
duced with a helical beam, or with two 
Yagis, one of which is fed 90° out of 
phase with the other. The Yagis may be 
on the same boom, or separate as shown 
here. With Yagis, the transmission line 
to one beam is an electrical quarter-
wavelength longer than the line feeding 
the other beam, thus imparting a minute 
delay in the power fed to the second 
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fig. S. Az-el mount assembled using two 3-element 144 M H z Yagis at 90° to each other for circular 
polarization. Cross boom extends through U - 1 0 0 rotor. Feed line and phasing harness not shown. 

beam. Data on circular polarization may 
be found in references 2 and 3. 

The results of these tests can be 
recorded by a reliable observer at the 
other end of the path, preferably using a 
tape recorder, or better, by having that 
amateur patch your signal into the tele-
phone line so that you can actually hear 
the effects of the changes you make. 

summary 

Vhf and uhf territory, 50 MHz and 
higher, is one of the few remaining 
frontiers where pioneering amateurs still 
have an opportunity to contribute 
scientific discoveries in the honored 
tradition of the amateur service (the 
discoveries have been a bit sparse of 
late). 

Except for satellite and moonbounce 
communications, little is known about 

the effects of changes in angle of eleva-
tion of antennas, and their polarization, 
on the propagation and reception of vhf 
and uhf signals. Who can tell what 
awaits the determined amateur with a 
pioneering spirit? 

Thanks are due K2BZT, W6PO and 
W6SAI for data in this article, and to 
WA2ECC for the photographs. 

references 
1. George R. Bailey, WA3HLT, "Automatic 
Azimuth-Elevation Antenna Control for Satel-
lite Communications," ham radio, January, 
1975, page 26. 
2. Katashi Nose, KH6IJ , "Crossed Yagi An-
tennas for Circular Polarization," QST, Janu-
ary, 1973, page 21. 
3. Herbert S. Brier, W9EGQ, William I. Orr, 
W6SAI, Vhf Handbook for Radio Amateurs, 
Radio Publications, Inc., Wilton, Connecticut 
06897, pages 224, 287 et seq. 
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programmable calculators 
for solving 

engineering 
problems 

An example 

of the versatility 

of these machines 

plus some 

expert advice 

on their use 

During the last few years the use of 
small electronic calculators has become 
increasingly popular in broadcast and 
communications engineering. The small 
units available, even the $19.95 house-
wives' grocery-store special, offer a 
speed of operation and portability far 
above that of the slide rule. Almost 
overnight the field of mechanical calcu-
lators has been wiped out by progress. 

In keeping with progress, a new 
breed of calculators of the mini-
computer type has appeared on the 
market and several machines of reliable 
manufacture are now available. They are 
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within reach of the average budget and 
will prove themselves in the first engi-
neering problem calling for a repetition 
of calculations to be made in some 
orderly sequence. These machines are 
known as programmable calculators: 
they can accept one or more programs 
and can process them from a series of 
memory registers. Numbers may be re-
called, changed, or restored at will in 
these registers. 

programmable computers 
The word "programmable" is apt to 

conjure up some scary ideas in the mind 
of the casual reader. Let's see what the 
word means. We may start out and store 
in the memory registers those quantities 
that are known or which we'll want to 
process, doing all this before we load 
the program into the machine. If de-
sired, a sample calculation may be made 
at this point to acquaint ourselves with 
the routine, but this is not really neces-
sary. Better that we go into LOAD, then 
proceed as if we were making an ordi-
nary calculation, manipulating the keys 
to work toward an answer. Then we go 
back into the RUN mode. The program 
is now stored and we may insert new 
values into the memory registers and 
give the machine the go-ahead to 
process the new data. 

The beauty of such an operation is 
that it doesn't have to be entered in a 
precise machine language such as 
BASIC, F O R T R A N IV, or COBOL. In 
these languages, the big sophisticated 
machines must be commanded in an 
exact routine, using precise statements, 
and using exact names for what is to be 
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done. In the operation described here, 
the user simply goes through a series of 
key manipulations as if he were operat-
ing an ordinary electronic calculator. 

A relatively new machine, the Com-
pucorp 324G,* will perform such rou-
tines and run a very high program-step-
to-memory ratio, presently 8:1, and will 
present 10-digit results! The sophistica-
tion of the programming is left to the 
imagination of the user. The machine 
actually processes to the 13th digit 
although only presenting 1 0 - with no 
apologies being offered to users of the 
IBM-360 or to equally serious program-
ming with ordinary single-precision 
results. 

elementary programming 
Without attempting to go into an 

elaborate computer course, one or two 
no-no functions apply equally to the 
Compucorp 324G and the big IBM jobs; 
and the first of these is multiplication or 
division by zero. This is another way of 
saying that the memory registers should 
be loaded before inputing a program, 

Several years ago ham radio published a 
rather whimsical article about how compu-
ters might someday influence amateur 
radio.* The author made a prediction that 
has now become a reality: low-cost calcu-
lators for home use. In a later issue we 
presented an article by another author, 
who described a method of circuit analysis 
using a canned program, ECAP, but which 
required large machines such as the IBM 
1620.* Here's yet another offering on 
solving electronic design problems using 
the computer. Only this time the machine 
is one of the relatively low-cost mini-
computers known as a programmable cal-
culator. Author Aylor leads you through 
the action in a step-by-step fashion (with 
advice on avoiding pitfalls) from initial 
programming to the final result — all on 
the new Compucorp 324G. Time has 
indeed marched on. Editor 

"Louis E. Frenzel, W5TOM, "Computers 
and Ham Radio," ham radio, March, 1969. 
fM.A. Ellis, K10RV, "Computer-Aided Cir-
cuit Analysis," ham radio, August, 1970. 

else the idiot symbol, such as E—-, will 
appear. There are ways of getting a-
round this and the procedure will be 
explained later. Another no-no is 
attempting to take the square root of a 
negative number, in which case the 
result is identical. I n both cases the 
RESET button is convenient, and for-
giveness is instant. 

Before explaining how you might 
wind up in either of the above situa-
tions, a brief explanation on how to 
form a loop is given. We have always 
been accustomed to using the equal sign 
{=) in expressions such as 2 + 3 = 5. 
Think of this idea in another context: 
"I have taken 2 and added 3 and 
replaced it by 5." Both statements are 
the same since I am no longer interested 
in the 2 or the 3, but in my future 
thoughts I now have 5. I could do the 
same thing on the machine if I had a 2 
in the program, recalled a 3 from a 
memory register, took the sum, and 
placed the 5 back in the memory 
register formerly occupied by the 3. The 
next time around I might add 2 again, 
and I would recall the 5 from the 
register and put the sum 7 back into the 
same register, and so on. 

some examples 
The above was a simple exercise in 

repetition, which may be included in a 
program as a stepping function. A typi-
cal example would be in the design of a 
directional antenna where you want to 
obtain a value of field intensity for 
every five degrees of azimuth. The 
above routine would be placed either at 
the beginning or the end of the pro-
gram, storing the azimuth value in one 
of the registers and including the quan-
tity for each successive step either in the 
program itself, or in one of the other 
registers. Each time the START button 
is pressed, the value in the register 
containing the azimuth would step for-
ward, and the calculator would compute 

"Marketed in the United States and Canada 
by Monroe Business Machines 
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the new value of field intensity at the 
new azimuth. Don't forget that you can 
recall the stored number from your 
controlling (azimuth) register as many 
times as you wish with the RECALL 
button, and the value wil l not be de-
stroyed until you use the STORE key. 

The stepping function, which is in-
corporated in a loop, is by no means 

Stepping to form a loop is by no 
means confined to any specific part of 
an equation. For convenience, the Com-
pucorp 324G micro-computer has a set 
of parenthesis or brackets and you can 
form a stepping loop within these 
boundaries if desired. There is one 
additional no-no associated with the use 
of these: you must always use the same 

Compucorp" Prcarqm Numfaar M0747UA i of ? 
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f»9. 1. Part A of a program fo r use w i t h C o m p u c o r p 320-series programmable calculators to solve a 
typ ica l p rob lem: f inding c o m p o n e n t values fo r a T - n e t w o r k . Page 11 lef t , presents the prob lem, shows 
data to be entered in to the machine, and shows the n e t w o r k reactances obta ined f r o m t h e program 
steps on page 2 , r i g h t * . 

confined to additive quantities. In the 
directional antenna example you could 
have as easily started at 360 degrees (or 
180 degrees for that matter) and used 
the subtractive form of stepping; i.e., 
taking away 5 degrees each time the 
function was repeated. 

*The equations for Z1, reactance of the input 
leg; Z2, reactance of the output leg; and Z3, 
reactance of the shunt coupling mesh; are as 
presented in F.E. Terman's Radio Engineer's 
Handbook, McGraw-Hill, New York, 1943, 
page 212 (equation series 113). 

number of closing parentheses as used 
for entrance. Failure to do this will get 
you that great big error E— signal, and 
only use of the reset button will clear 
the machine. Once that signal comes up, 
the reset button is the only key on the 
board that will work. Moral: get it in 
right next time. 

using parenthesis 

Here's a specific example of a short 
program with an internal loop. In this 
instance, the stepping function will be 
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enclosed within parenthesis, which stip-
ulate the power to which a number will 
be raised. This is the old "double-each-
day" routine. You've heard the one of 
going to work for only a penny a day 
and having your wages doubled every 
day and so on until you make it rich. 
The equation for this exercise is day's 
pay = 2<n + 1> x 0.01. Let's see how to 
form a loop with the Compucorp 324G. 

First go to RESET, which clears the 
display, then switch to LOAD and the 
machine is ready to receive the program. 
Then proceed as follows: 

action explanation 
Punch 2 Installs the integer to be raised to 

{N + 1) ( program starts). 

A x Instructs the machine that the next 
expression will be raised to a power. 

( Entrance parenthesis. 

1 Incrementing step, once per day. 

+ Addit ion command. 

R C L n Prepares machine to go into mem-
ory register on next stroke. 

0 Memory register stored under key 
0, reads, and presents sum. 

= Prepares for storage. 

S T n Alerts for next stroke, which will 
put selected number under next key 
punched. 

0 Destroys that which was previously 
in register 0 and puts in a new 
quantity, N + 1, which is the step-
ping function. 

) Closing parenthesis. T h e quantity 
(N + 1) is now poised and ready 
for action because you conditioned 
the machine with A x earlier. 

= This is the go-ahead for the mach-
ine to raise 2 to the (N + 1) power. 
Remember, the original was raised 
to an increasing power each day. 

X Multiply command. Y o u must con-
vert whole numbers to pennies and 
dollars. 

.01 One hundred cents per dollar. 

= Presents final result. 

S T A R T / 
S T O P Hafts program. 

R E S E T Clears display to all zeros. 

RUN Terminates and conditions com-
puter for R U N mode. 

Now let's see what we've done. The 
calculator is capable of storing up to 80 
steps or operations, and the display 
presents a running account of each time 
you press the key. Although there are 
only 17 apparent actions before the 
switch to RUN, the above storage actu-
ally consumed 20 of the 80 available 
steps. Why? Because, near the end of 
the program, entering .07 to con-
vert cents to dollars required three 
key operations — the decimal, the zero 
and the one. The last step is actually a 
switch operation and does not count as 
a step. 

We are now ready for a step test. For 
exactness we store a zero to obliterate 
anything remaining from the program 
entry operation, then press START/ 
STOP and the machine momentarily 
displays a 1, meaning the first day has 
passed. The machine pauses and pre-
sents .02. Press START/STOP again and 
the machine displays a 2, pauses, then 
presents .04, and so on. After pressing 
START/STOP twenty-four times, the 
answer will be 167,772.16, or in hard 
U n c l e - S a m - t y p e g r e e n b a c k s , 
$167,772.16 - not bad for a day's pay 
after only twenty-four days on the job! 

additional looping forms 

The example above was a rather 
simple one in a relatively common 
exercise. Earlier we used an example of 
destructive replacement in the 2 + 3 = 5 
procedure, and that is exactly what we 
are doing here. In this example we 
installed the stepping increment (the 
fourth action), and on the sixth and 
seventh action we retrieved the quantity 
stored in register 0. The moment we 
punched the EQUAL button, the pro-
gram added 1 to the quantity retrieved. 
Thus added, we are no longer interested 
in the quantity stored in register 0 so we 
use the storage key (STn) and store the 
new, added value in register 0. 

To review, you went into register 0, 
retrieved what was there, added 1 to it, 
used it in the calculation, then destroy-
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ed it by placing a new number as a 
replacement into that register, which 
previously contained the old number. 
All you did was replace the old value of 
N with a new value, defined as N + 1. 

The rest is simple: put in a closing 
bracket and you have the portion of the 
equation shown as a power all set to go. 

i X J L U t a i L J L ^ J C s l 
C J L J t a i L J l i J L i . 

m UJULJUJ ui 
o j l e j l u m m 
i j J l L i l i j 

L u i L J i i ' o n 

The Monroe 324G Scientist programmable 
calculator used by the author. 

The calculator has been patiently wait-
ing, poised since you told it that you 
were going to raise 2 to a power in the 
first and second steps of the program. 
Obviously, all that is necessary now is to 
punch the equal button — calculation 
gets under way immediately. The rest of 
the procedure places the decimal point, 
presents the result, and stops the calcu-
lation. Omission of S T A R T / S T O P , a 
c o m m o n mistake, will allow the 
machine to run wild until it hangs up on 
some value with more than 99 values or 
figures presented as an exponent in 
scientific notation. 

There are other variations that are 

somewhat more sophisticated but easily 
worked on the machine. Suppose you 
want to construct a map and keep the 
longitude constant while walking up the 
curvature of the earth with a stepping 
value and reach a distance and bearing 
for each intercept — or suppose you 
want to construct a tower guy anchor 
(actually a large block of concrete) and 
given the weight requirement, you must 
know the most economical dimensions 
for placement. Or suppose you must 
design a transmission line-to-antenna 
network while solving for all phase shift 
values. The rule is the same: store it, 
recall it, and sum it in presentation. 
Store the presentation in the same 
register that kills the old value by 
destructive replacement and let the re-
mainder of the program do the spade 
work, then go on from there. 

There are a few other routines that 
will become apparent as the user gets 
more familiar with the use of the 
machine. For example, the Wayne-Kerr 
balanced impedance bridge, which is 
manufactured in Great Britain, gives a 
reading of the equivalent parallel cir-
cuit in terms of millimhos conductance 
shunted by equivalent picofarads sus-
ceptance, and the instruction book gives 
the equations for conversion. The equa-
tions are basic, requiring the conversion 
of the susceptance to reactance at a 
specified frequency. 

Now, the condition where the sus-
ceptance dial reads zero picofarads is 
very real and means that the load is 
purely resistive, a function of the con-
ductance. If, during the course of the 
factoring, the calculator encounters a 
zero in the denominator, it will latch up 
on the error signal. The way to avoid 
this is to input a small additive constant, 
such as 0.1 x 10~3 0, into the capac-
itance value within the program. The 
machine adds the zero capacitance to 
the 0.1 x 1 0 " 3 0 picofarads residual, and 
the sin committed never shows on 
10-place results. Of course, it would 
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have been easier to have inverted the 
conductance with the 1/X button and 
ignored the capacitance reading. But the 
objective is to achieve a program that 
will work with any list of data you use, 
with an answer (meaning no error latch-
up) on anything you insert, and this 
means no exceptions. 

Although taking the square root of a 
negative number was introduced as a 
no-no at the beginning of this article, 
there may be an exception in certain 
problems where you are stepping one or 
more variables in a multiplication form 
and wish to compare the product with a 
constant that is the criteria beyond 
which you cannot go. This constant is 
stored in another register. You then 
arrange to subtract the product from 
the constant and take the difference, 
then promptly take the square root. 
When the calculator attempts to go past 
the boundary condition — you guessed 
it: error1. It's easy to reset and then 
recall the values that caused the latch-
up. Note that earlier mention was made 
of dimensioning a large block of con-
crete to use as a guy anchor for a tower. 
With concrete costing $150 to $200 a 
cubic yard in place, overdesign can be 
costly and underdesign can be disastrous! 

a typical program 

The discussion that follows is specifi-
cally arranged for the Compucorp 324G 
minicomputer and consists of two pro-
grams that can be stored under a single 
bank of memory registers. The programs 
are typical of problems encountered in 
electronics; in this case it's desired to 
find the inductance and capacitance of a 
T-network between a generator (usually 
50 ohms but subject to the user's 
choice) and a load such as an an-
tenna, where any impedance may be 
encountered. 

Both programs (fig. 1 and 2) are based 
on standard handbook equations. Pro-
gram 1 yields the impedance of the 
three arms of the network. Program 2, 

into which the desired frequency is 
entered, gives the network values in nH 
and pF. In running the programs it's 
easy to plug in variables, store a value 
associated with program 1, then give the 
machine the go-ahead by pressing the 
START/STOP key. Then you switch to 
program 2, the machine retrieves the 
impedance values stored in program 1 
and, using the frequency value entered 
in program 2, converts and displays the 
network numbers in microhenries and 
picofarads. Stepping is not included, but 
plenty of room exists in program 1 
at step 60 to recall any values from the 
first three registers and add the steps in 
place of S/S (START/STOP) using the 
same old rule: recall, add (or subtract), 
store, punch S/S, and be prepared to 
process again. 

analysis 

Now let's see what went on in part 1 
of the program. The expression under 
the radical was recalled and multiplied, 
the square root extracted and put to 
rest in register 6 at step 10 (fig. IB). 
Then you recalled the phase shift from 
register 3, took the sine and promptly 
stored it into register 4 at step 15 for 
later use. Next you obtained the cosine 
with the second function (F2) button 
and stored it into register 5; but while it 
was available, you multiplied by the 
input impedance from register 1 and hit 
the equal (=) button for the product, 
then subtracted from the square-root 
quantity you had stored into register 6 
at step 10. 

At step 28 you came back for the 
sine you put into register 4 and divided, 
switched the sign in step 31, and put the 
input leg of the network into register 7 
on step 33. The same process, with the 
stored quantities (sine 0 and cosine 0) 
and the value under the radical, is 
repeated, which takes you up to step 
50, yielding the output leg impedance. 
The shunt, or mesh, leg value is ob-
tained by dividing the number under the 
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radical by the sine, which is entered into 
register 9. Registers 7, 8 and 9 now have 
input, output, and shunt leg values 
respectively; program 1 is concluded 
with START/STOP; and you switch 
back to RUN. 

Program 2 is for those allergic to 
reactance tables and only requires 40 
steps. The microcomputer is switched to 

eters in impedances and phase shift. 
With further recalling, registers 7, 8 and 
9 have the reactance values, and recall-
ing 4, 5, and 6 gives you the design 
value of each component. Don't forget 
register 0 down in the left-hand corner, 
which contains the frequency. 

At this point, if you want to make 
changes in any parameter in registers 0, 
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fig. 2. Part B of T-network design program which uses the results of the program shown in fig. 1 to 
calculate the actual network inductance and capacitance values. 

program 2. Examination of the pro-
cedure shows that you recalled the 
values in registers 7, 8, and 9 then 
calculated the component sizes to pro-
duce the new values and stored them 
into registers 4, 5 and 6, which had been 
used in program 1 but are no longer 
needed — a case in point to illustrate 
destructive replacement. 

In considering the 3x3 portion of the 
keyboard of the 324G microcomputer, 
you have a complete grid under the nine 
registers. Using the recall button regis-
ters 1, 2, and 3 have the design param-

1, 2, or 3 we can enter or store the new 
value in the register, switch to program 
1, hit START/STOP, then switch to pro-
gram 2, hit S/S again, and you will have 
an entirely new and different set of 
network values. The program described 
applies not only to matching antenna 
impedances but may be used for inter-
mediate or output stages of transmit-
ters, delay lines, or any problem of a 
similar nature in impedance matching. 
The designer always has control of the 
parameters he enters, and he may wish 
to make a number of trials before 
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deciding on the most economically feas-
ible set of final components. 

You might ask, "What does all this 
buy me?" On the presumption that 
you've followed the previous paragraphs 
and understand the manipulation or 
game plan, it's only a jump upward into 
BASIC or F O R T R A N IV. You've al-
ready learned an elementary form of 
assembly language. 

final remarks 
The average reader will find it's easy 

to generate programs within a very short 
time. There's really nothing complicated 
if a few simple ground rules are 
observed; i.e., start as deeply within the 
equation as possible, attacking the con-
stants, and store for recall after the 
variables have been processed. As stated 
earlier, use the various registers for short 
storage, enter, kill, or substitute as you 
manipulate your way out. If you want 
to pause to read intermediate data, it's 
as easy as pressing the START/STOP 
button, but be wary of using this mode 
too often since you and the machine 
may become out of phase. When you 
want to bracket something, a set of 
parenthesis is available, which can be 
doubled if you want. 

A little green man is inside the 
machine to count the number of en-
trance parentheses and make sure you 
use the same number of closed paren-
theses before you terminate the pro-
gram. He's the same fellow who places 
the machine in lock-up if you violate 
any of the rules; but forgiveness is 
instant with the reset button, and you 
are permitted to start over again. 

Programming and debugging come 
only with practice. There are all kinds 
of tricks that an operator will develop 
on any computer, whether using the 
simple program presented here or one 
on the big IBM-360 or IBM-370. The 
union of man and machine occurs only 
when one plus one functions as one! 
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DELUXE P.C. KEYER 

The keyeryou can't afford 
not to buy! 
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signals with a Data Preamp. 

FRE9. DELUXE PREAMPLIFIER (MHjl use STAGES GAIN 0B NF OB KIT WIRED 
HIGH SINGLE 25 2 $10,50 $1350 

14, or 28 FREO DOUBLE 48 2 520,50 $24 50 
OSCAR SINGLE 25 2 $12.50 $15 50 

28 l« 30 SPECIAL DOUBLE 48 2 S24.50 $30 50 
SINGLE 25 2 $10.50 $13 50 

50 10 54 b METER 1 DOUBLE 48 2 520.50 $26 50 
VMF SINGLE 20 2 5 $ <> 50 $12 50 108 10 144 AIRCRAFT DOUBLE 40 2 5 518 50 $24.50 

SINGLE 20 2 5 $ 9.50 $1250 
135 10 139 SATELLITE DOUBLE 40 2 5 $18 50 $24,50 

SINGLE 20 2 5 $ 9.50 $1250 
144 10 Mil 2 METER DOUBLE 40 2 5 $1(150 $24 50 

SINGLE 20 25 $ 9.50 $12 50 
146 lo 174 HIGH BAND DOUBLE 40 25 $18 50 $24 50 

SINGLE 18 2.5 $ 9 50 $12 50 220 10 225 1V4 meter DOUBLE 35 2,5 $18 50 $24 50 
UNF SINGLE 15 2 5 $ 9 50 $12 50 

225 lo >00 AIRCRAFT DOUBLE 30 2 5 $11150 $24 50 
1 Idiu 30 HF BROADBAND 19-J6 3 $17 95 

Write today for complete details 

Data Signal, Inc. 
Successor to Data Engineering, Inc. 

2212 PALMYRA ROAD, ALBANY, GA. 31701 
912-435-1764 
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electronic 

bias switching 
for 

linear amplifiers 

A simple electronic 

vox biasing circuit 

that lowers quiescent 

plate dissipation 

of linear power amplifiers 

The use and value of an electronic bias 
switch has been known for some time, 
having been introduced in the popular 
ETO Alpha 70/77 linears. Bryant sub-
sequently published an excellent version 
of that circuit in QST.1 It has signifi-
cant application in two-kilowatt PEP 
input class-B and class-AB1 linear ampli-
fiers where, especially in the latter, 
nominally two-thirds of the total plate 
dissipation is required in the quiescent 
state for best linearity.2 This immedi-
ately gives rise to the impact of such a 
device as a means of reducing tube 
dissipation, the accompanying heat, the 
ambient noise, as well as lengthening 
tube life and saving some of your power 
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bill. One further consideration is the 
possibility of reducing the fan speed, its 
resultant noise and power consumption. 
Also, the high class-AB1 idling current is 
no longer a problem, permitting greater 
linearity. 

circuit 
Basically, the bias switch data and 

background were well covered by 
Bryant, and served as an excellent basis 
for a modified design to fulfill my 
particular requirements, which I prefer 
to call Electronic Vox Biasing, or as a 
friend dubbed it, a Vox Box. That more 
accurately describes the action of my 
circuit shown in fig. 1. This was, I felt, 
necessary because the original circuits 
were much too fast, resulting in a very 
harsh vox-like action, especially on the 
make of the switch, and other operating 
time constants, which were far too 
short, giving rise to what might be 
described as a paper-crunching sound, 
especially at the end of a sentence 
during ssb operation. For CW break-in 
operation, however, it would be very 
effective. 

The problem centered on how to 
slow down an inherently fast circuit due 
to the saturation characteristics of the 
transistors resulting from the high 
current gain of the Darlington configur-
ation. After considerable work an inte-
grator circuit, consisting of C3 and R3, 
was finally developed which allowed 
for a softer make that provided an 
almost indiscernable operation of the 
switch. The speed on the make, or rip 

50 EB march 1975 



time of the switch, was changed by a 
factor of 20, from 2 to 40 milliseconds. 
The decay time of 140 milliseconds is 
no problem at all since C2 and R2 may 
be easily altered to any required time 
constant. 

It should be recognized that the 
quiescent bias voltage itself at point A 
in fig. 1 supp/ies V c c to the Darlington 
pair. This is the self-bias developed by 

current, l p , drawn by the cathode holds 
it in operation in its active mode. In my 
particular case, the voltage at point A 
varies from 55 volts to 0.7 volt (the 
Vce(sat))- Depending upon the particular 
operating biases and the tube used in 
the linear amplifier, the quiescent bias 
voltage will vary. Since, for the reasons 
stated above, the switch will only oper-
ate when it is installed in the cathode 

u «6 

i 

fig. 1. Electronic vox biasing circuit. The transistors used for Q1 and Q2 depend upon the cathode 
voltage of the power amplifier tube (see table 1). Adjust C1, R1 for drive level. Switch St permits 
establishing operating point for class-ABI amplifiers and is used as operating switch in case of bias 
circuit failure. 

the cathode current across resistor R5, 
which becomes ordinary center-tap bias 
on the amplifier. The system operation 
becomes apparent as an electronic 
normally-open spst relay which removes 
the unwanted self-bias in its closed state 
with appropriate time constants. 

As has been shown, the Darlington 
pair has its V c c supplied by the cathode 
voltage in its quiescent mode. The plate 

table 1. Transistors for the electronic vox biasing circuit, 

output voltage output voltage output voltage 

Q1 
<50 Vdc 

2N5681 (TO-5J 

Q2* 2N5681 (TO-5) 

50-125 Vdc 
2N3439 (TO-5) 
2N3440 (TO-5) 

2N3439 (TO-5) 
2N3440 (TO-5) 

50-125 Vdc 
2 N 3 4 3 9 ( T O - 5 ) 
2N3440 (TO-5) 

2N6262 (TO-3) 
2N6354 (TO-3) 
R C A 4 1 1 (TO-3) 
D T S 4 2 3 (TO-3) 

*<Jse heatsink with TO-5 devices 

circuit, for independent test it is neces-
sary to temporarily supply the V c c 

separately through a 100k limiting resis-
tor, R6, to point A. 

Table 1 outlines the various switch-
ing devices which will satisfy the re-
quirements for Q1 and Q2 with V c e o 

ratings greater than 100 volts. Further, a 
heatsink such as an IERC type UPTO-3 
may be added to transistor Q2 which 
will considerably extend its 100-watt 
power dissipation. The heatsink, used in 
combination with the necessary heat-
conducting grease, will satisfy the most 
demanding requirement. 

The serious designer could consider a 
total redesign of the circuit starting with 
an op-amp shaper driving a transistor as 
a voltage follower, rather than the Dar-
lington configuration. This would pro-
vide complete control of the rise and 
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decay times. This will be something for 
a future project. 

construction 

I built my electronic vox biasing 
circuit on one-sided, copper-clad Vector 
board as shown in fig. 2. It only took a 
couple of hours to build, and could be 
done in less time if an unclad board 

the electronic vox biasing circuit will 
hold l p to its normal switched value of 
0.7 volt, i.e., essentially zero biasing. In 
the event resistor R5 were to open up, 
resistor R4 will prevent the full plate 
voltage from appearing on the cathode. 
These fail-safe precautions are in order 
for obvious reasons and will provide the 
user with a reasonable amount of volt-

fig. 2. Construction of the electronic vox biasing circuit built by W6VFR. Although copper-clad 
perf board is shown here, a ground plane is not necessary, and since parts placement is noncritical 
point-to-point wiring is satisfactory. 

were used since a good ground plane is 
apparently not required. Parts location 
is very noncritical and no problems were 
encountered with any instability, etcet-
era. Switch S1 may be a miniature relay, 
as I used, or a simple spdt toggle switch 
to short the bias switch to set the 
proper operating quiescent current, l p , 
or to eliminate the switch in case of an 
open-type failure. 

In the case of a shorting-type failure, 

age and dissipation security, since the 
total l p flows through transistor Q2 
along with the aforementioned high 
voltage risk. 

Fig. 4 depicts the switch operation at 
a half-second sweep speed, with a male 
voice saying, "one, two, three, four." 
Fig. 5, at the same sweep speed, depicts 
the word, "four." As may be seen, the 
switching speed looks much like conven-
tional CW keying time constants. 
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POWER AMPLIFIER | 

fig. 3. T y p i c a l application for (he electronic 
bias-switching circuit. In rf power amplif iers 
u s i n g directly-heated tubes (such as the 
3 - 5 0 0 Z ) , the cathode output of the bias-
switching circuit is connected to the center-
tap of the f i lament transformer. 

A dc-coupled scope is highly recom-
mended for adjustment for all time 
constants, bearing in mind that the 
current gains of the semiconductors and 
variations in component values will alter 
the result to some degree. All of my 
timing measurements were made on a 
H-P 1220A oscilloscope. At 14 MHz, 
the keyer will reliably turn on complete-
ly at 0.5 volt rms as indicated on the 
output meter of a Measurements Cor-
poration model 65B signal generator 
and verified with the oscilloscope. 

The results of numerous on-the-air 
tests, both under local and skip condi-

A few words are in order regarding 
the time constants. Resistor R2, in 
combination with C2, basically estab-
lishes the decay time of the switch with 
some interaction with the make time. 
Capacitor C3 in combination with R3 
affects the make and the break, while 
the combination of R1 andC1 establishes 
the keying sensitivity and the hold time. 
These should be set for the reliable 
operation of the switch at the highest 
frequency of operation and at the low-
est anticipated power level. -AO M$ 

fig. S. Osci l loscope display of electronic vox 
biasing circuit voltage output with male voice 
saying, " f o u r . " Sweep speed is O.S second. 

tions, indicate little or no perceptible 
switching action, and a 32°F tempera-
ture reduction in the outlet air tempera-
ture of my linear amplifier. This, at 55 
cfm air flow, calculates to a 520 watt 
average power reduction, a well worth-
while improvement by any criteria. 

fig. 4. Osci l loscope display of electronic 
vox biasing circuit voltage output with 
male voice saying, "1, 2, 3, 4 . " Sweep 
speed is 0.5 second. 

references 
1. J. A. Bryant, W4UX, "Electronic Bias 
Switching for RF Power Amplifiers," QST, 
May, 1974, page 36. 
2. Linear Amplifier and SSB Service Bulletin 
12, Eimac, Sari Carlos, California, 1966. 
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l o w - p o w e r 

dc-dc converter 

A simple 

transformerless 

dc-dc converter circuit 

which may be used 

for those applications 

where you need 

a separate 

low-current supply 
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When designing electronic systems 
around ac power, an additional supply 
voltage seldom represents any problem. 
For low power an additional rectifier 
and/or regulator will often suffice, and 
worst case means the addition of a small 
transformer. When mobile operation is 
considered the problem becomes more 
difficult. If the requirement is for a 
voltage of the same polarity and lower 
than that of the automobile battery, 
then a simple voltage regulator will do 
the job. However, if you need a voltage 
that is higher or of opposite polarity 
than the vehicle battery, then something 
more elaborate is indicated. Occasional-
ly it is possible to obtain power from an 
existing converter and suitably regulate 
it, but with more and more equipment 
being designed for direct 12-vo)t opera-
tion this option is fast disappearing. 

The transformerless dc-dc converter 
described here may be adapted to a 
variety of low-power applications re-
quiring voltages either higher or of 
opposite polarity than the vehicle bat-
tery. This power supply may also find 
some application as an on-card supply in 
fixed installations. As a negative voltage 
supply it may be used to power linear 
ICs such as operational amplifiers. By 
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fig. 1. Low-power dc-dc converter may be 

used to supply negative voltages (A) or posi-

tive voltages of greater value than the input 

(B). For positive-ground systems, allow the 

ground shown in these circuits to float. 

Voltage-current capabilities of these circuits 

are listed in table 1. Al l diodes are 1N914, 

1N4148 or equivalent. 

using the vehicle battery as the positive 
supply and the dc-dc converter for the 
negative supply, signals may be refer-
enced to the vehicle ground. This is very 

convenient, especially in control appli-
cations. As a voltage booster supplying 
voltage of the same polarity but of a 
higher potential it provides a convenient 
source for such things as trickle charging 
12-volt nickel-cadmium batteries. 

The basic negative converter is shown 
in fig. 1A and the positive booster 
shown in fig. 1B. Fig. 2 shows how 
addit ional diode-capacitor voltage-
doubler sections may be added to in-
crease the voltage output of the positive 
voltage booster (at the expense of avail-
able current). The same principle may 
also be applied to the circuit of fig. 1A 
to produce negative voltages of higher 
potential. Although all the schematics 
indicate a negative-ground input power 
source, positive-ground input may be 
used by grounding the positive input to 
U1 and floating the ground shown in 
fig. 1 and 2. 

operation 

Operation of the dc-dc converter is 
straight forward. U1 is a 555 timer IC 
operated as a free-running square-wave 
oscillator. The 555 makes an ideal oscil-
lator for this application as it requires 
only three external components for 
oscillation and the output has the 
ability to source and sink up to 200 mA 
without additional buffering. The fre-
quency of operation is determined by 
R1, R2 and C2 (with the values shown 
it is approximately 6 kHz). Capacitor 
C1 is used to reduce the amount of 

fig. 2. Voltage output from 

the positive voltage booster 

(fig. IB) may be increased by 

the use of voltage multipliers 

as shown here. Diodes are 

1N9I4, 1N4148 or equivalent. 

OUTPUT 

OUTPUT 
+ o 
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6-kHz signal radiated through the input 
power lines. 

Since the switching times of the 555 
IC are quite fast, this 6-kHz signal 
generates harmonics up into the higher 

necessary t o insert small (100-/uH) rf 
chokes in the power leads to further 
reduce these harmonics. 

The 6-kHz output at pin 3 of U1 is 
capacitive coupled by capacitor C3 to a 

table 1. Voltage-current capabilities of the dc-dc converter shown 
in fig. 1. For circuit of fig. IB , add input voltage to output 
voltage fi-e., 5-volt input with no load, E output = 5 + 3.8 = 
8.8 volts). 

Input = 5 Vdc Input = 6 Vdc Input: = 9 Vdc Input = 12 Vdc 
output output output output 

3 .8V , 0 m A 4 .8V , 0 m A 7 .7V , 0 m A 8 .9V , 2 m A 
2 . 2 V , 1 rriA 3 .2V , 2 m A 6 .2V , 1 m A 8 .4V , 10 m A 
2 . 1 V , 2 m A 3 .0V, 4 m A 6 .1V , 2 m A 8 .1V, 15 m A 
2 . 0 V , 3 m A 2 . 9 V , 6 m A 6 .0V , 4 m A 7 .9V, 20 m A 
1 .9V, 4 m A 2 . 7 V , 8 m A 5 .9V , 6 m A 6 .7V, 30 m A 
1 .9V, 5 m A 1 .5V, 10 m A 5 .7V , 8 m A 6 .1V, 4 0 m A 
1 .8V, 6 m A 5 .6V , 10 m A 5 .7V, 50 m A 
0 .6V , 7 m A 5 .3V , 15 m A 5 .5V, 6 0 m A 

5.0 V , 18 m A 5 .0V , 70 m A 
4.2 V , 20 m A 4 .6V , 80 m A * 

4 .0V , 90 m A * 

•Cur ren t exceeds rat ing of recommended diodes. 

high-frequency bands and may be heard 
on a communications receiver if the 
switching transients are not filtered. If 
the dc-dc converter is operated as part 
of a high-frequency receiver, it may be 

€ 

"I wish I could establish a single transmission 
for almost three minutes with you." 

rectifier circuit and filtered. The output 
filter capacitor, C4, may be increased 
above the 10 fxF value shown if a low 
ripple content is essential. However, for 
operating an op-amp or two the amount 
of ripple with the circuit as shown is not 
objectional for most simple applica-
tions. Voltage-current capabilities for 
various voltage inputs are listed in table 1. 

construction 
Construction of the dc-dc converter 

is not critical although capacitor C1 
should be as close as possible to U1 to 
reduce radiation of the 6-kHz harmon-
ics. As it is anticipated that the con-
verter wil l probably be incorporated as 
part of another circuit board, no PC 
layout is shown. For prototype applica-
tions, however, it may be convenient to 
build up a few on small PC boards (the 
supply shown in fig. 1A wil l f i t with 
room to spare on a PC board 3/4-inch 
wide by r/2-inch long (19x38mm). 

ham radio 
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brass pounding on wheels 

The saga of Old 1401 — first radio communications 

from the rolling White House, the presidential train 

Many of the operating stories we read in 
the amateur publications are about sea-
going brasspounders. This one is about a 
brass pounder who rode the rails. Back in 
the summer of 1942, I was working my 
shift at WAR in Washington when an 
officer walked up behind me and tapped 
me on the shoulder. He told me to go 
pack my clothes for a trip to a warm 
climate. That was how I started as the 
first CW operator at the White House. 

I learned that the White House had a 
Signal Corps detachment that now had 
the task of providing communications on 
a continuous basis between the Presi-
dential Train and the White House. I 
be/ieve this was the first time such a thing 
had been attempted in the United States. 
The Washington end was to be handled 
by the big War Department communica-
tions center, WAR; the remote end by the 
train plus relays, when necessary, from 
local stations along the way. 

My first trip on the communications 
car, Old 1401, was the second trial run 
for the car. On this trip I went with the 
detachment commander, Col. Beasley; a 
radio operator recently made a Lieu-
tenant, Lt. Greer; a civilian engineer from 
the War Department named Jack Kelle-
her; a radio maintenance man named 
John J. Moran; and a Secret Service man 
named George J. McNally. It is interesting 
to note that all of us were amateur radio 
operators. We went from Washington, 
D.C. to New Orleans and returned with 
our car in a regular passenger train, 
coupled between two baggage cars. 

Old 1401 was a combine car. That is, 
she was half baggage and half passenger. 
She had been built for the Baltimore and 
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Ohio Railroad in 1914. At the time I first 
met her, all identification on her sides 
had been painted out. Her number was 
her only identification, and it was painted 
in beautiful gilt over the entrance at the 
passenger end. 

Inside, a couple of front seats had 
been removed and an operating table 
installed in their place. One operating 
position was located on each side of the 
aisle between the seats. Each position had 
a Super Pro receiver and a BC-342. 

The BC-342 was a new model at that 
time, designed for use in tanks and other 
rough riding vehicles. This receiver was 
installed on shock mounts, but my first trip 
proved that the best way to mount 
equipment on the train was to bolt it 
down solidly. Installed in this manner, 
the whole car moved as one unit and the 
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receivers worked beautifully. There was, 
however, a modulation on the received 
signals imparted by the train's vibration. 
But this was better than having the tubes 
jump out of their sockets — which they 
frequently did when the equipment was 
on shock mounts (the tube clamp was not 
yet in common use). 

Telegraph lines alongside the tracks 
provided a lot of clicks that made it 
d i f f icul t to copy poor signals. However, 
we d idn ' t have too much trouble wi th 
this problem except in the Southwest. 
The transmitter was a BC-447, running 
about 300 watts. 

The clearance requirements for rail-
road cars prohibited using a real antenna. 
Ours was a wire inside an insulating tube 
mounted on standoffs about six inches 
above the metal roof of the car. This was 
later changed to a copper tube, the same 
size as the insulating tube, with much 
better results. Our frequency complement 
ran f rom 3 MHz to 17 MHz. 

I was supposed to contact a number of 
Army stations along the way, none of 
them more than a couple of hundred 
miles f rom our route. As might be expec-
ted, results were poor and it was decided 
to contact WAR in Washington direct. 
Successful contacts were made f rom New 
Orleans and on the way home. The only 
real d i f f icu l ty came when we were close 
to Washington. A t that t ime, it was 
di f f icul t to receive WAR on any frequen-
cy. Overall, however, our results were 
encouraging and we were assigned the 
task of accompanying President Roose-
velt on his swing around the country 
visiting mil i tary bases and aircraft plants. 

To my knowledge, this big t r ip was the 
first t ime continuous communications 
had ever been attempted between the 
presidential train and Washington. We 
contacted WAR in the eastern half of the 
country and W W (San Francisco) or 
WVD (Seattle) in the western half. Re-
sults were excellent. In fact, our volume 
of traff ic was so high that it was neces-
sary to pick up an additional message 
clerk in Seattle, our first major stop, to 
handle the paper work. 

To make a long story quite short, I 

worked six years on the Presidential 
Train, traveling wi th Presidents Roosevelt 
and Truman in the United States, Canada 
and Mexico. We logged well over a hun-
dred thousand miles. 

E q u i p m e n t and facilities were im-
proved over those years, and when I left 
Old 1401 in 1948, the car had a small 
operating room, a code center, a small 
bunk room with four bunks, a lounge 
room, and the baggage half of the car 
packed wi th equipment. We had two 
BC-339 transmitters for our message traf-
fic. These were fixed station Federal jobs 
that loafed along at 1500 watts in radio-
teletype service and could easily run 3 kW 
on CW. 

A single BC-610, a 500 watt a-m 
transmitter, was available for occasional 
broadcast services. We also had a 250-
watt Motorola fm transmitter for guard 
radio service. On the receive side, we had 
the two BC342s I mentioned earlier, 
two Super Pros, a big Navy receiver 
whose type number I can't recall, two 
Western Electric CV-31 teletype con-
verters and a single teleprinter. 

We also had a telephone switchboard 
that provided service throughout the 
train. The telephone cable permitted us 
to provide music throughout the train 
and intercom service, too, if it were 
desired. 

Power was provided by two 25-kW 
diesel generators. Only one of these was 
required, and we switched them every 24 
hours. We also had two 100-amp battery 
chargers to charge the train's batteries 
when we were parked away f rom railroad 
terminal facilities, and two converters to 
provide ac power f rom the batteries to 
run our receivers in standby. 

Today, the train is no more. Old 1401 
has been retired and the President's car — 
Ferdinand Magellan — is gone, too. The 
small detachment I knew has grown to 
the White House Communications Agen-
cy. Their responsibilities have grown a 
great many times over. But I' l l bet they 
aren't having any more fun working 
assignments today than I did when Old 
1401 was my home on wheels. 

ham radio 
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comments 

impedance bridges 
Dear HR: 

I noted the two items on noise 
bridges in the May, 1974, issue and 
perhaps my experiences with the two 
bridges might be useful. First, regarding 
WB2EGZ's bridge (December, 1970) I 
had the same problem, i.e. insufficient 
gain. I solved this by the use of two 
stages of amplification using the high 
beta RCA transistor 40245 before going 
into the balun transformer. This yields a 
very simple circuit and only a 5 mA 
drain on the battery, an important point 
because when making measurements the 
unit is often run for long periods. Since 
this bridge measures only the parallel 
equivalent resistance of the load, the 
presence of a significant amount of 
reactance greatly reduces the depth of 
the null. 

The bridge design presented in the 
January, 1973, issue does measure reac-
tance and consequently the depth of 
nulls within its range of reactance tun-
ing can be as deep as those obtained 
with pure resistances. However, I found 
that the plus/minus 70-pF range for 
reactance to be inadequate. An exami-

nation of the possible capacitive or 
inductive components encountered 
around a 2:1 vswr circle on a 50-ohm 
Smith chart indicates,for example, that if 
Rseries = 58.8 ohms and X s e r i e s = ±38 
ohms, the parallel equivalents are R p = 
83.3 ohms and X p = 129 ohms. This 
translates into a Cp of ±324 pF at 3.8 
MHz or ±88.2 pF at 14 MHz. The 
consequence is that a bridge capable of 
reading ±70 pF can only yield informa-
tion about an antenna on these bands 
whose vswr is already pretty good. I 
changed this bridge to use a 365-pF 
variable (Radio Shack has a small one 
for $1.95). The 68-pF fixed capacitor 
then has to be changed to 180 pF. 
Furthermore, I brought out terminals 
from these capacitors so that I can add 
further fixed capacitors as needed. 

One point needs emphasis when 
working with these bridges and Smith 
charts: these particular bridges readout 
the parallel equivalents of resistance and 
reactance, while the Smith chart is 
designed for the series equivalents. The 
following series-parallel transformation 
equations should be kept handy: 

R< -
R p X p 2 

R p 2 + X p 2 
X =

 R P 2 X P 

R r 
X s2 R s + 

Rp2 + X P 2 

R^2 
X p - X s + ^ 
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It can also be shown that: 

One further comment: While the Rp 

calibration holds pretty well from 3.5 to 
30 MHz (paying careful attention to 
strays), the Cp calibration rotates to-
wards the inductive direction by about 
20 pF at 30 MHz for Rp values between 
35 and 200 ohms, more so for values 
under 35 ohms. If the experimenter is 
using this bridge at 30 MHz or higher it 
is important that he calibrate the bridge 
for these frequencies. I found that a 
calibration made at 3.5 MHz holds 
pretty well through the 21-MHz band. 

Provided one knows the character-
istics of the coax line (characteristic 
impedance, velocity factor, attenuation 
and electrical length) with this bridge 
and a Smith chart one can measure the 
characteristics of an antenna at the 
shack coax terminal. It is not necessary 
that the line be an exact half-wave 
multiple. The assumption that the load 
characteristics are faithfully represented 
at the end of a multiple of a half-
wavelength transmission line is true only 
at the exact frequency for which the 
line is a half-wave multiple (see April, 
1974, QST article by W2DU). Usually 
we are interested in what an antenna is 
doing over part or all of an amateur 
band and it is important to realize that 
for frequencies other than the exact 
half-wave multiple the load is no longer 
faithfully represented. The error becomes 
increasingly significant with increasing 
vswr. 

Forrest Gehrke, K2BT 
Mt. Lakes, New Jersey 

ac current monitor 
Dear HR: 

The ham notebook section of the 
January, 1974, issue described a line 
voltage monitor that is very similar to 
one I have been using for about four 

years. The differences are slight, but my 
circuit has fewer components than 
WA8VFK's version. I didn't feel that 
the bridge rectifier and filter capacitor 
were required. If you are willing to 
accept only a little more non-linearity, a 
half-wave rectifier with bypass capac-
itors connected across the diodes and 
the input are all that is required. Rather 
than one expensive zener diode, I used 
three zeners from my junk box which 
added up to the voltage I needed. 

A variable transformer in the ac 
power to my bench is used to check the 
performance of various types of equip-
ment for over and under-voltage, and to 
compensate for line-voltage variations. 

10/1 

fig. 1. Ac current monitor uses high-current 
2 . 5 - v o l t fi lament transformer. One amp 
through 2.5-volt winding yields 11-Vac be-
tween TP1 and TP2. 

A 2.5-volt, 10-amp transformer in the 
circuit (see fig. 1) is used to provide a 
readout of ac current on a voltmeter 
connected across TP1 and TP2. Each 
ampere of ac current passing through 
the 2.5-volt winding develops 0.25 volt 
across the winding — this is transformed 
to 11 Vac at TP1 and TP2 (1 amp = 11 
Vac, 2 amps = 22 Vac, etc.). Any 
low-voltage, high-current transformer 
can be used in this application, but the 
2.5-volt,10-amp unit is ideal because the 
transformed voltage is easily inter-
polated into current (1 volt =» 100 mA 
ac current). 

E.G. Sullivant, Jr., WB5MAP 
Shreveport, Louisiana 
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increased flexibility 
for the memory keyer 

In a recent article WB9FHC de-
scribed the construction of a two mem-
ory electronic keyer.* After using this 
unit on the air for several weeks, I 
decided to expand the keyer's capabil-
ity, permitting greater operating flexi-
bility during contests. 

As a first step, I wanted a self-
contained keying monitor, particularly 
for initial off-the-air programming. A 
simple but effective circuit is shown in 
fig. 1. The circuit uses half of a 7413 
dual NAND Schmitt trigger. A minia-
ture 500-ohm pot is used for the tone 
control, while the inexpensive 8-ohm 
speaker was salvaged from an old tran-
sistor radio. The monitor can be switch-
ed out of the circuit when not in use. 

Many times during a contest, espe-
cially during low activity periods, a 
message, such as a CQ, is to be repeated 
a number of times without having to 
manually recycle the memory each 
time. A simple solution is to install a 
spst toggle switch in parallel with S1 of 
the original circuit. In my particular 
case, a CQ without the AR K ending 
was desired to nearly fi l l the 256-bit 
memory capacity. During programming 
a stop-watch was used to note the 
elapsed time of the memory cycle. By 
careful spacing of the message CQ CQ 
DX TEST DE K3NEZ K3NEZ, the 

•Michael Gordon, WB9FHC, "Electronic Key-
er with Random-Access Memory," ham radio, 
October, 1973, page 6. 

entire memory can then be filled with-
out any appreciable pause at the end. If 
the message is to be sent three times, 
the toggle switch is closed and then 
opened just after the desired message 
starts to repeat for the third time. The 
AR K ending is then sent manually with 
the paddle after the callsign has been 
sent by the memory. 

Since it was desired to add a third, 
and possibly fourth, 256-bit memory to 
the keyer, it became apparent that the 
use of a single rotary switch for select-
ing the memory was not efficient. The 
circuit of fig. 2, when added to the 
original circuit, permits the operator to 
s imultaneously select the desired 
memory and cycle the four-bit counters. 

Although three memory units are 
shown, additional units are easily paral-
leled, as the circuit is straightforward. A 
LED indicator is provided for each 
message. Note that the part of the 
original circuit from Q of 7473C is 
omitted. For example, to read or write 
from memory A, simply depress the 
corresponding switch; otherwise, opera-
tion is the same as described in the 
original article. 

Howard M. Berlin, K3NEZ 

^v-

TO 7AOZC • OUTPUT \/2 
7413 

[S ilF 

m 

fig. 1. Simple keying monitor for 
the random-access memory keyer. 
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fig. 2. Memory select cir-
c u i t allows a d d i t i o n a l 
256-bit m e m o r y ICs to be 
a d d e d t o t h e memory 
keyer. A n L E D indicator is 
provided for each message. 

hi-fi interference 
A n excellent article on audio-

frequency interference in a recent issue 
of Radio Communications discussed 
problems which are not mentioned in 
our usual Handbooks. 

A simple LC filter was first tried on 
the bench to keep rf out of the coaxial 
lead to the audio amplifier, particularly 
from a record player. The coil turned 
out to be resonant, so it was not reliable 
at widely varying frequencies. The 
capacitor alone, to ground, was usually 
better. When tried in a Garrard record 
player, however, which has unshielded 
pick-up leads connected to phono jacks, 
no improvement was noted. 

The rash of hi-fi complaints here 
results from unidentified CB as well as 
my own transmissions. The greatest 
problems were from Garrard players, 
but to a lesser extent from a Wollensak-
3M cartridge player. When all input and 
output coaxial lines were removed the 

fm broadcast receiver played without 
interference, but one a-m tuner had 
many signal peaks in its tuning range. 

In addition to bypassing audio-
amplifier base-emitter junctions with 
rather large capacitors (T000 pF up), I 
hope to try the recommended ferrite 
beads, and to develop lowpass filters to 
plug into the coaxial input and output 
lines without creating unacceptable loss 
of high-frequency audio. 

Radio Shack tells me that several 
manufacturers have produced filters 
which can be inserted in the audio leads 
from record-players and tape-players to 
prevent rf pick-up from reaching the 
audio transistors in the amplifier. These 
filters are seldom known even to the 
hi-fi departments of stores, but are 
available upon request, much as high-
pass TV I filters have been available to 
those who know about them and are 
familiar with this method of complying 
with the FCC regulations. 

Bill Conklin, K6KA 
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uhf converter 
and preamplifier 

Hamtronics, Inc., well known for its 
vhf preamps, receivers and scanners, is 
moving into the uhf field with two new 
products. The first is a uhf converter 
kit, shown above, which operates on the 
432- to 450-MHz amateur band or on 
the rapidly growing 450-470 MHz pub-
lic safety band. The converter is con-
structed on a 3x4-inch G-10 board and 
features a low-noise jfet, high-quality, 
milled variable capacitors, integral coax 

connectors, and low current 12-volt 
operation. 

The converter has one built-in oscilla-
or, and an adapter is available for six 
additional frequencies for channelized 
fm operation. It can be built to output 
on the popular two-meter fm band or 6 
meters, 10 meters, commercial bands, 
etc. Price for the kit is $20, which 
includes domestic shipping. Add 80(5 for 
air mail if desired. Crystals are available 
for any frequency scheme at $5.50. 

The second new uhf product is a 
low-noise preamp kit for 432450-470 
MHz. This unit has features similar to 
those of the converter. Price is $15 for 
the kit or $25 wired, including domestic 
shipping. Add 600 for air mail if desired. 
For more information or to order, write 
to Hamtronics, Inc., 182 Belmont Road, 
Rochester, New York 14612. 

how to troubleshoot 
and repair 
test equipment 

"Cure your own equipment" is the 
watchword of this brand-new volume, 
written by Mannie Horowitz, one of the 
top designers of electronic test equip-
ment. Any competent amateur should 
be able to repair his own equipment, 
and it's easier than ever before with this 
new one-of-kind book! It's jam-packed 
with practical, ready-to-use data on the 
repair of power supplies, multimeters, 
oscilloscopes, audio and rf signal genera-
tors, sweep generators and tube and 
semiconductor testers. No complex 
math or circuit theory is included — this 
is not a book that requires study, but 
one that can be used from the very 
minute it's opened. With the complete, 
simplified theory that is presented, read-
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FREE DATASHEETS 
WITH EVERY ITEM 
739/749 IC WITH , 
EVERYS10 ORDER 

ers with even modest electronic back-
grounds will understand equipment as 
never before, and get more out of using 
it as well. 

For each piece of equipment there is 
a clear, illustrated explanation of the 
basic circuits it contains. There's also a 
complete trouble analysis of each cir-
cuit, telling what can go wrong and 
what the probability of it is. Next 
comes an explanation of how the basic 
circuits are integrated into a complete 
circuit by the switching circuitry. Then, 
test procedures for an actual example 
are presented. Published by Tab Books, 
252 pages, soft bound, $6.95 from Ham 
Radio Books, Greenville, New Hamp-
shire 03048. 

high-precision 
trimmer capacitor 

A new type of miniature trimmer 
capacitor claimed to give outstandingly 
linear response (better than 2%, with no 
local reversals of capacitance) has been 
announced by Jackson Brothers of Eng-
land. The Trimline capacitor is a tubular 
design 5-mm in diameter and 18-mm 
long. Its contant length simplifies layout 
planning. Minimum capacitance is below 
0.5 pF and maximum is above 5 pF. 
Adjustment is by screwdriver slot, with 
ten turns between minimum and maxi-
mum to permit very fine setting. 

Unlike most tubular trimmers, the 
Trimline employs air as the dielectric, 
and the moving element does not rotate. 
This avoids eccentricity and deviations 

• REDUCE YOUR PROJECT COSTS 
• MONEY-BACK GUARANTEE 
• 24-HOUR SHIPMENT 
• ALL TESTED AND GUARANTEED 

• TRANSISTORS INPN); 
2N3563 TYPE RF Amp ft Osc to 1 GH; (pi 2N9I8I 6/SI 00 
2N3565 TYPE Gun Purpose High Gam (TO 92.1061 6/SI 00 
2N3567 TYPE High Current Amphl.er/Sw 500 mA 4/SI 00 
2N386G TYPE RF Pwr Amp 12 W 0 100 G00 MH/ SI 50 
2N3903 TYPE GP Amp & Sw to 100 inA and 30 MH/ 6/SI 00 
2N3904 TYPE GP Amp ft Sw to 100 mA I TO 92/1061 5/St 00 
2143919 TYPE RF Pwr Amp 3 5 W # 3 30 MH; S3 00 
2N4274 TYPE Ultra High Speed Switch 12 ns 4/SI 00 
MPS65IS TYPE High Gain Amplifier I i jq 250 3/S1 00 
Auort NPN GP TYPES, 2N3565. 2N 3641, etc (151 S200 
2N3638 TYPE (PNPI GP Amp ft Sw tn 300 mA 4/SI 00 
2N4249 TYPE (PNPI low Noise Amp 1 P A to 50 mA 4/SI 00 

• FETs ; 
N CHANNEL ILOWNOISEI 
2N4091 TYPE RF Amp ft Switch (TO 18/1061 3/Sl UU 
2N44I6 TYPE RF Amplifier to 450 MH/ ITO 721 ? S1 00 
2N51G3 TYPE Gen Purpose Amp ft Sw <T0106t 3IS1 00 
2N5486 TYPE RF Amp in 450 MH/ (plastic 2N44I6) 3/SI.00 
E100 TYPE Low Cost Audio Amplifier 4/SI 00 
ITE4868 TYPE Ultra Low Noise Audio Amp 2,'SI 00 
TIS74 TYPE High Speed Swiich 401X 3<$l 00 
Assort RF & GP FET's, 2N51G3, 2N5486, etc 18) S200 
P CHANNEL 
2N436D TYPE Gen Purpose Amp ft Sw ITO 1061 3/S1 00 
E 175 TYPE High speed Switch I25<>IT0 1061 3/SI 00 

MARCH SPECIALS: 
)H22?7 ... ?N7??2A NPN f RANSISTOK GP Amp g. Switch 5 SI 00 
2N3569 TYPE NPN TRANSISTOR GP Amp & Switch 4-S1 00 
741 fieri Compensated Op Anp (0IP/T0 5MINI OlP) 3 SI 00 
2N390G TYPE PNP TRANSISTOR GP Amp ft Switch 5 SI 00 
MM53I6 Digital Aljim Clock Snoo/e/Alatm/Timer 

Ills, Mi.u, Sets, 4 oi 6 Digit with Specs/Schematics SI 9b 
MMS73G fi Digit 4 Function Cilculatar 18 PIN DIP S395 

• L INEAR I C Y 
308 Micro Power Op Amp (TD 5'MINI OIPI SI 00 
309K Voltage Regulato. 5 V t? 1 A ITO 31 SI 50 
324 Goad 741 Op Amp, Compensated I0IPI SI 90 
380 2 5 Watt Audio An.pl,I,e< 34 d8 (OIPI SI 29 
555X Timer 1 m l hi. Oil pmout Irom 555 (OIPI S 85 
709 Popular Op Amp (OIP'TO 51 S 29 
723 Vintage Regulatm 3 30 V P> I 250mA lOIP'TO 51 S 58 
739 Dual Low Noise Audio P.eamp/Op Amp IDIPI SI 00 
1458 Oual 741 Op Amp IMINI DIP) S 6 5 
2556 Dual 555 Timer 1 ,<sec to 1 hour I0IPI SI 55 

• DIODES: 
1N3G00 TYPE H. Speed Sw 75 V/200 mA 6/SI 00 
1N3893 TYPE RECTIFIER Stud Mount 400 V/17 A 2/SI 00 
1N9I4 01 IN4148 TYPE Gen Puip 1U0V 10mA 10 SI 00 
1N749 ZENER 4 3 Volt C10S!400 mW 4/SI 00 
1N753 ZENER 6 2 Villi (M0M 400inW 4/SI 00 
IN755 ZENER 7 5 Volt C10SI 400 mW 4/SI 00 
IN757 ZENER 9.1 Volt (MOSMOOmW 4 SI 00 
1N758 ZENER 10 Volt (MOM400n.W 4,'SI 00 
1N965 ZENER 15 Volt I MOM 400 mW 4/SI 00 
1N968 ZENER 20 Volt CIOSI 400 mW 4/SI 00 
05 VARACTOR 5 50 W Outtiut P 30 750 MH/, 7 70 pF S500 
F7 VARACTOR I 3 W Output H> 100 500 MH/. 5 30 pF SI 00 

• M A I L N O W I l u l l D A T A SHEETS u i pn l t e i l •••">• i - .e 'V Mem I t e m 
this .wl n u fc / 3 ! t 111 / 4 9 L o w N o n e Du. i l O p A m p inc luded I S I IX) 
tf.iluel W i l l i f v n v t m l p i i t ! $ 1 0 Of m m e. p m l r n t t r k e d p i i t n K l 4 30 VS 

O R D E R T O D A Y AM i t em* lu l i . ec i t o p i i t n v i l e ; ind (mites iu t i i ec t 10 
i.lunin- wi.riiwi iiuiiicii 
W R I T E F O R F R E E C A T A L O G o l l e n n i i h t i m l i e t H i l l w n i i t i m d u e i a n 
n o l l i n e d b r i e Send t t v t u m p 

T E R M S A l l ou le 'S n m u t in riiep<nd SVe p.iy p i n t . i i K St 1X1 rvind. ' iwj 
rll,iiMi» mi 11!i!i"\ iinilt'i S 10 ( .ill' ' ' ' *ulf i ' l i add 6S. -..ill", t.i. 

ADVA m m m ^ m U M ^ m . e l e c t r o n i c s 
BOX 4181-A, WOODSIDE, CA 94062 
Tel. (415) 851-0455 

More Details? CHECK-OFF Page 94 march 1975 QS 65 



YOU WOULDN'T 
START A LOG 
IN MARCH 

RIGHT NOW 
is the time to order your 

o o k 
Don't wait until 1975 is half over. Get 

your new Callbooks now and have a full 
year of the most up-to-date QSL informa-
tion available anywhere. 

The new 1975 U. S. Callbook will have 
over 300,000 W & K listings. It will have 
calls, license classes, names and addresses 
plus the many valuable back-up charts and 
references you have come to expect from 
the Callbook. 

Specialize in DX? Then you're looking for 
the new, larger than ever 1975 Foreign Call-
book with over 225,000 calls, names and 
addresses of amateurs outside of the USA. 

Foreign Radio 
Amateur Callbook 
DX Listings 
$ 1 1 . 9 5 
with 
3 Service Editions 
$17.95 

United States 
Callbook 
All W & K Listings 
$ 1 2 . 9 5 
with 
3 Service Editions 
$18.95 

Order from your favorite electronics deal-
er or direct from the publisher. All direct 
orders add 751 shipping and handling per 
Callbook. 

f O * radio amateur I I I I 

- Dept. 
E 925 Sherwood Drive 

Lake Bluff, 111.60044 

from linear response associated with 
designs based on a rotating piston. Here 
the stationary element is a small piston 
and the moving element is a coaxial 
cylindrical sleeve. Both are made of 
silver-plated brass. The sleeve is moved 
axially by a lead-screw engaging a 
threaded collet inside it; it is precisely 
located and guided by a fixed outer 
glass sleeve, and by two lugs in its tail 
which run in fixed longitudinal slots. 

A t both ends of the travel a slipping-
clutch mechanism — a patented feature 
— prevents accidental damage being 
caused by over-adjustment. A t maximum 
capacitance a Teflon stop prevents elec-
trical shorting. Electrical losses are low 
(Q factor greater than 1000 at 20 MHz), 
and the capacitor has an expected life of 
over 10,000 adjustment cycles. For 
more information, write to Jackson 
Brothers' agent, M. Swedgal, 258 Broad-
way, New York, New York 10007, or 
use check-off on page 94. 

tool catalog 
A free tool catalog describing over 

2500 individual items is offered by 
Jensen Tools and Alloys. "Tools for 
Electronic Assembly and Precision 
Mechanics" is a 112-page handbook of 
particular interest to electronic techni-
cians, radio amateurs and engineers. 

Section headings include screw-
drivers, wrenches, pliers, tweezers, files, 
shears, knives, microtools, relay tools, 
power tools, metalworking tools, wire 
strippers, soldering equipment, test 
equipment, engineering and drafting 
supplies and electronic chemicals. New 
sections include metric tools, books and 
wire-wrapping tools. 

Another important feature of the 
catalog is the inclusion of four pages of 
technical data on tool selection. Known 
as "Jensen Tool Tips," these pages 
include sections on screwdriver selec-
tion, machine screw data, tool materials, 
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plier facts, metal conductivity, color 
coding, wire and insulation data, solder-
ability of metals, temperature conver-
sion, drill sizes, metal gauges, metric 
conversion and safety. Five pages of 
"tool terms" are also included. 

A free copy of the Jensen catalog 
may be obtained by writ ing to Jensen 
Tools and Alloys, 4 1 1 7 North 4 4 t h 
Street, Phoenix, Arizona 8 5 0 1 8 , or by 
using check-off on page 94 . 

diode applications 
Diodes are the simplest yet most 

versatile devices found in electronic 
circuits. Typical applications range f rom 
power supplies to waveform converters, 
l o g i c e l e m e n t s , t e m p e r a t u r e -
compensating devices, regulators and 
signal detectors. This new book by 
Courtney Hall, W A 5 S N Z , surveys these 
and many other important uses for 
diodes. 

In a clear, readable presentation, the 
book begins with basic information 
about diode properties and how diodes 
work. Vacuum-tube diodes and recti-
fiers, semiconductor diodes and diode 
reverse recovery t ime are other topics 
covered in Chapter 1. Chapter 2 dis-
cusses rectifier power-supply circuits. 
Half-wave power supplies, full-wave 
rectifier circuits, voltage-doubler cir-
cuits, transformer ratings and more are 
explained in depth. 

The next chapter covers circuits for 
ordinary diodes. Beginning w i th logical 
OR and A N D circuits, it covers the ideal 
diode, diode gate circuits, f l ip-f lop pre-
set circuits and diodes for meter protec-
tion. Another chapter is devoted to 
zener diodes. Two chapters are set aside 
for the newer diode types such as LEDs, 
tunnel diodes, varactors and semi-
conductor lasers. 

Soft cover, 9 6 pages, $ 3 . 5 0 f rom H R 
Books, Greenville, New Hampshire 
03048 . 

f NEW ITEMS 
Sparry SP-332 contains 
two 7 segment readouts, 
.330 high, side by side 
layout, black glass face, 
orange characters with 
decimal. % in. square. 
W/specs. 
$3.50 each, 3 for $10.00 

RED NYLON CABLE TIES 
BALL-BEAD TYPE — AV*" LONG 

Price Is 70 for $1.00 ppd. 

PRINTED CIRCUIT BOARD MATERIAL — ALL 
G10 — Direct from the factory mfg. by West-
inghouse. All board is 1/16" wrth 2 oz. copper. 

3" x 3" 45rf 
3" x 6" 85d 
6" x 9" $2.75 

12" x 12" $6.00 
All ppd. U.S.A. 

9 PIN SOCKET — SNAP-IN MINIA-
•vvi TURE for P.c. 8oard Mtg. 

6 for $1.00 ppd. 

ALUMINUM HEAT SINK 
Very nice American made 
heat sink. 1/16 Inch thick 
and approx. dimensions are 
1" x 1" x 1" high with an 
Vt inch hole in the center. 

Price is a low each or 
3 for $1.00 ppd. 

COOL 30-0-30 V - 2.5 AMP SHIELDED TRANS-
FORMER — NEW — AMERICAN MADE YES 
— 3 pound with deep core vertical end 
bell mount. 2V4" w. x 3" h. x 3V4" deep, 
with 6.3 V - 1A winding. $4.85 ppd. 

11/a inch miniature alliga-
tor clips. Bright vinyl red 
or black insulator. Nickle 
plated. 

9 for $1.00 

3 inch 4 ohm VC Square frame 
with 4 mounting holes. 

$1.20 each ppd. 

VERTICAL MOUNT PC BOARD 
POTENTIOMETERS 

American made (CRL) high quality 
pots. Available in the following i 
sizes: 750, 1500, 25,000, 50,000, 
100,000 ohms. 

Price Is 5 for $1.00 ppd. 
IDEAL FOR 2M P.S. — Transformer, 115 VAC 
primary, 18 volt, S amp ccs or 7 amp inter-
mittent duty secondary $6.00 ea. ppd. 

PL-55 TYPE PHONE JACKS 
High quality American made 
Jacks. % inch mounting 
with hex nut. Extends 1 Va" 
behind the panel. 

Price: 50<r each or 
3 for $1.25 ppd. 

SEND STAMP FOR BARGIN LIST 
Pa. residents add 6% State sales tax 

ALL ITEMS PPD. USA 
Canadian orders for less than $5.00 add $1.00 
to cover additional postage costs. 

m . u i e i n / c h e n k e r 
K K 3DPJ BOX 353 • IRWIN, PA. 15642 
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a second look 
Jt fisk I 

During the past few months more and 
more vhf stations have been getting set 
up for serious moonbounce work. A 
good share of this activity has been in 
progress for months, but the February 
EME tests by WA6LET with SR I ' s big 
150-foot dish in Palo Alto was the stim-
ulant many vhf operators needed to be-
come fully operational. Some operators, 
particularly in the northern areas, were 
hampered by the winter weather, but 
the seed has been planted so the number 
of vhf E M E stations will probably 
double by the end of the summer. 

Five years ago there were but a hand-
ful of successful E M E stations — only 
the most serious and perservering work-
ers ever made the grade. Those who did 
make it developed the techniques that 
are used today. And today equipment is 
available so that just about anyone who 
is interested can hear his own echoes off 
the lunar surface. 

Right after World War II, when the 
first radio signals were bounced off the 
moon by engineers at Fort Monmouth, 
it was not nearly so simple: 8 kW input 
on 111 MHz, a tremendous billboard ar-
ray of 64 phased dipoles and an incredi-
bly complex receiver with a 50-Hz pass-
band. Even then, the moon echoes were 
weak, and success unpredictable. 

With this kind of background, the 
prospects of amateur communications 
via the moon were pretty remote, but 
W3KGP and W4AO launched Project 
Moonbeam in the late 1940s with a goal 
of hearing their own two-meter echoes 
from the moon. They finally heard 
them in 1953. 

Until parametric amplifiers became 
activity was confined to two meters. 
E M E attempts on 432 MHz were im-
practical because of the power limita-
tion that was in effect, so the next logic-
al step was 1296 MHz. In 1960 W1BU 

came on the air with a kilowatt 1296-
MHz station that could bounce signals 
off the moon with some degree of reli-
ability. Sam Harris, W1FZJ, extended 
the challenge and Hank Brown, W6HB, 
picked it up. Shortly thereafter the first 
two-way amateur contact via the moon's 
surface was history. 
Shortly thereafter the first two-way am-
ateur contact via the moon's surface was 
history. 

Since 1960 progress has been steady 
if slow. Although all the vhf bands from 
50 to 2300 MHz have been used for 
two-way E M E contacts, at the present 
time most of the activity is found on 
144 and 432 MHz. The handful of sta-
tions on two-meter E M E a few years ago 
has grown to nearly 100, and there are 
about 35 stations operational on 432 
MHz. Nor is activity confined to the 
United States. There are successful E M E 
stations on every continent except Asia, 
and serious interest has been expressed 
by several Japanese amateurs, so Asia 
may be represented in the near future, 
possibly this summer. 

E M E is still a very sophisticated 
method of vhf communications, but 
with the easy availability of low-noise, 
sol id-state converters and high-
efficiency kilowatt amplifiers, it is with-
in the grasp of any serious vhfer. Most 
of the successful moonbouncers live on 
city-size lots, so space is not a problem, 
and many use all commercial equip-
ment, so gear is no problem. Most vhf 
stations capable of long-distance tropo, 
scatter or auroral communications, in 
fact, are also capable of two-way EME. 
It has taken twenty-five years, but the 
1950's pie-in-the-sky dream of reliable 
two-way E M E communications has be-
come a reality. 

Jim Fisk, W1DTY 
editor-in-chief 



presstjp 
DECISION ON 220-MHz CLASS-E CB is likely to be put off again. We had hoped 

for delay until after both amateur and CB restructuring go into effect and their 
results have a chance to be felt — we'll probably get a delay that will permit 
the FCC to study all three dockets together. Any delay we do get will give us a 
chance to further strengthen our position, increasing the likelihood of preserving 
220-225 intact for the amateur service. 

WA6LET M00NB0UNCE TESTS brought many vhf stations out of Che woodwork, made 53 
two-way EME contacts on 144 MHz with 36 different stations during eleven hours of 
operating time. Score: 14 states and 7 countries on two meters. Most of the 
QSOs were on CW though five stations made it on ssb. In addition to stations in 
Germany, France, Sweden and the Netherlands, they worked ZE1DX in Rhodesia for 
the first U.S.-to-Africa EME contact. 

432 MHz EME Test was shortened to two hours due to problems with antenna relays 
and an arcing HV power supply, but the WA6LET operators still managed to work ten 
stations via the moon on 432 including PA0SSB and ZE5JJ. K2UYH was the only sta-
tion to make it both ways on ssb. More 432-MHz EME tests are expected later 
this year from WA6LET. 

AUTOMATIC TRANSMITTER IDENTIFICATION SYSTEM is proposed by the FCC in Docket 
20351 released February 13. ATIS requirement would apply to all transmitters 
licensed in Safety and Special Services produced after one year after adaption 
and operating between 25 and 960 MHz, with the exception of amateur radio. 

ATIS Signal would be ASCII and give the station call sign at the beginning, 
end and every 30 seconds during a transmission. First or second class license 
would be required to program the encoder. 

AMSAT REQUESTS U.S. DXER HELP in setting up interested DX stations for OSCAR 
7, Mode B (432 MHz in, 144 MHz out) operation. AMSAT has acquired a number of 
uhf transmitters and has them tuned up and ready to go on 432 MHz, will provide 
one on a loan basis to anyone willing to take the responsibility of getting it 
into the hands of an overseas amateur interested enough to put it on the air. 
The DX station would still have to supply his own antenna and two-meter receiver. 

OSCAR 7's Mode B has already seen some exciting DX — both ZL and UA0 have been 
reported worked from the midwest, and WB6NMT reports hearing over-the-horizon 
signals several times. 

Reports Of "Tandem Satellite" QSOs using both 06 and 07 as their orbits coin-
cided have been received by AMSAT, but more inputs are needed from those who have 
made contacts using the two transponders in tandem. Send QS0 data to AMSAT, 
Box 27, Washington, D.C. 20044. 

ANOTHER 10-METER BEACON will help 10-meter DXers through the predicted flat 
conditions ahead. The NZART has put ZL2MHF on 28170 kHz with 90 watts input and 
a half-wave vertical. ID is in CW every 10 seconds or so. Reports of reception 
are requested to NZART Upper Hutt Branch 63 Inc., Box 40212, Upper Hutt, New 
Zealand. 

Proposed San Diego Beacon, widely reported elsewhere as on the air last fall, 
has still not been okayed by FCC. FCC request for further data back in October 
still has not been answered. 

HR REPORT GOES WEEKLY. On March 1st, HR Report started going out weekly in-
stead of twice monthly, more than doubling the number of issues per year to a 
minimum of 50. Change insures readers that "hot" news will be just that much 
hotter, gives us the opportunity to cover more stories and to cover important 
stories in greater depth. 

Subscription Rates will remain unchanged, and only cutback will be from air-
mail to first-class mail for continental U.S. and Canadian subscribers. 
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integrated-circuit 

electronic keyer 

This novel 

electronic keyer, 

based on the new 

Curtis 8043 keyer IC, 

features dot memory, 

self-completing 

dots, dashes and spaces, 

sidetone, and 

almost zero current drain 
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Any who has built one of the many 
versions of IC keyers described in the 
amateur radio magazines probably has 
been less than satisfied with its perform-
ance in the shack. Many circuits use 
RTL as the basic logic form, but RTL 
has inherently poor noise immunity and 
requires large supply currents. Some 
newer designs use TTL - ICs which 
have improved noise immunity, but are 
still in the current-guzzler category. In 
virtually all the circuits that I have built 
or even thought about building (includ-
ing a couple of my own design) there have 
been "glitches" in the designs. These 
have shown up in actual use by operators, 
and are subtle problems that can be dif-
ficult for a designer to anticipate.1,2 

The Curtis 8043 is a new IC devel-
oped by an engineer who has been in 
the electronic keyer business for years, 
and who has also been employed by one 
of the largest IC manufacturers in the 
United States. Such a unique combina-
tion of experience should make the 
Curtis 8043 a nearly ideal IC around 
which to build your own keyer, and this 
has been proven by the keyer described 
here. First of all, the 8043 device uses 
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fig. 1. Circuit diagram of the electronic keyer using the Curtis 8043 IC. items not provided in the 
8043-1 partial Kit are marked with an asterisk. Jumpers marked with plus sign are installed for 
positive key-up voltages; jumpers marked with negative sign are used for negative key-up voltages 
(see text). Circuit uses extensive decoupling to eliminate possible problems with RFI . 

cmos logic, the ideal logic family for 
systems such as an electronic keyer. 
That is, for low speed logic (slower than 
10 MHz) cmos provides low power con-
sumption and high noise margin. As 
with most cmos ICs, a wide latitude for 
power-supply voltage is a feature; the 
Curtis 8043 will operate with supply 
voltages from +5 to +12 volts. 

The whole gamut of CW operating 
features are included in the 8043 IC: 
self-completing dots, dashes and spaces, 
iambic keying option, dot memory, 
weight control, sidetone and almost zero 

•Partial kit 8043-2 includes the 8 0 4 3 IC, PC 
board, IC socket, manual, 2 0 0 mA keying 
transistors, manual and most other small 
parts excluding speaker, chassis, jacks, etc. 
(asterisked items in fig. 1) and is priced at 
$49 95 . Kit 8043-1 , including the 8 0 4 3 IC, 
PC board, IC socket and manual, is priced at 
$24,95. Order from Curtis Electro Devices, 
Inc., Box 4 0 9 0 Mountain View, California 
94040. See ad on page 82. 

current drain (50- 100/uA quiescent, 10-
30 mA key down). In addition, solid-
state keying is used in the recommended 
Curtis circuit, rather than relay key-
ing, and provisions have been made 
for either positive or negative key-up 
voltages across the keying transistor (up 
to 300 volts). The recommended circuit 
(the one that comes with the 8043 
partial kit*) was the one I used. The kit 
printed-circuit board is only about 
1-1/2x2-3/4 inches (38x70mm) and its 
use with the recommended circuit saves 
a lot of construction time. The speaker, 
cabinet, jacks and power supply are not 
part of the partial kit and must be 
supplied by the builder. A simple 
power-supply circuit is presented in the 
manual that comes with the device, but 
I used a better-regulated supply of my 
own design (because I'm a regulated 
power-supply nut). 

The keyer is built into a Moduline 

april 1975 US 9 



P355 cabinet with all input and output 
leads decoupled to prevent rf from get-
ting into the circuitry. The 8043 is 
presumably comparatively rf-proof, but 
I have found that it's much easier to 
install RFI-proofing as I build, rather 

Curtis is shown in fig. 1; asterisk-marked 
items are builder-supplied. The power-
supply circuit is shown in fig. 2. Note 
that there are three jumper wires on the 
Curtis board; two are associated with 
Q1 and one with the emitters of Q3 and 

Construction of the electronic keyer. The 8043 IC is installed on the small printed-circuit board 
on the side wall of the enclosure. The regulated power supply is built on the perf board at the 
bottom of the chassis. 

than to try to add it after the fact. The 
ac line is decoupled using a Corcom 
6EF1 line filter; the keyer contacts and 
transmitter keying line are decoupled 
with 1000-pF feedthrough or standoff 
capacitors and ferrite beads. These RFI 
measures are not absolutely necessary, 
but probably contribute to the lack of 
trouble from rf that the unit enjoys. 

circuit 
The keyer circuit as furnished by 

Q4, transistors used as switches to re-
place the relay commonly found in elec-
tronic keyers for keying the transmitter. 
The jumpers determine which transistor 
(Q3 or Q4) is used. 

In this service keying transistors are 
better than relays because they have no 
contact bounce and no contacts to 
wear. However, the transistor switches 
do not have the complete dc isolation of 
a pair of relay contacts, so an npn 
device must be used for keying trans-
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mitters having a positive key-up voltage 
(such as cathode keying) and a pnp 
device must be used for keying trans-
mitters having a negative key-up voltage. 
Both Q3 and Q4 will stand up to 300 
volts in the open-key condition. 

As can be seen in the photographs of 
the IC keyer, the speed, volume and 
weight controls are mounted on the 
front panel with the ac switch, LED 
pilot light and key jack. The pitch con-
trol is mounted on the rear apron of the 

117 VAC 

FAIRCHILD u 
pATBMOO 

•o+av 

fig. 2.Simple, full-wave regulated pow-
er supply for the 8043 electronic key-
er uses Fairchlld voltage-regulator IC. 

O COMMON 

* MOUNTED ON ISOLATED. FINNED HEAT SINK 
ON PC, BOARD (NOT GROUNDED) 

In addition to the line switch, there 
are two other miniature toggle switches, 
one labeled tune, the other self-test. The 
tune switch turns the transmitter on for 
tuning up, and the self-test feature 
allows you to operate the keyer {listen-
ing to its output) without keying the 
transmitter. If straight-key operation is 
desired, the key may be connected 
(with a jack) in parallel with the tune 
switch. 

Rear view of the electronic keyer showing the 
tune and test switches, pitch control, and 
terminal strip for transmitter connections. 
Plug on the right is for the ac line. Monitor 
speaker is on top. 

keyer along with the tune and self-test 
switches. 

The 1 -meg pot referred to in fig. 1 as 
dot-space symmetry adjust is a small 
board-mounted trimpot. This symmetry 
pot is the only adjustment necessary 
after the keyer has been built. Starting 
with the symmetry pot at the middle of 
its adjustment, and with the weight 
control at minimum and the keyer pad-
dle on dots, the symmetry control is 
adjusted until the dot and space periods 
are equal, as displayed on an oscillo-
scope. 

summary 
The keyer built around the Curtis 

8043 semi-kit has proven to be every-
thing it claimed to be, satisfying all 
comers at a local amateur radio club. No 
signs of RFI have been evident at the 
club station nor at other 1000-watt 
amateur stations. If you've been think-
ing about building a keyer, the 8043 is 
clearly the way to go! 

references 
1, Howard Berlin, K3NEZ, "Memory Keyer," 
(letter), ham radio, December, 1974, page 58. 
2. F .E. Hinkle, "Heath HW-7 Modifications," 
ham radio, December, 1974, page 60. 

ham radio 
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microstripline 

preamplifiers 
for 1296 MHz 

Complete design and 

construction information 

for low noise, 

solid-state preamplifiers 

for the amateur 

23cm band 

In a previous article I described a 
low-cost transceive converter for the 
amateur 1 2 9 6 - M H z band.1 Calculated 
parameters and preliminary measure-
ments indicated a receive system noise 
figure of 7 .5 dB. As is of ten the case, 
these original claims have proved over-
ly optimistic. Subsequent measurements 
with an argon-discharge noise source 
and an automatic noise-figure meter 
showed the true ssb noise figure to be 
more on the order of 9 .5 to 10 dB. 
Neither improvements in the homebrew 
balanced mixer nor the use of high-
grade commercial mixers significantly 
altered this figure. 

It became apparent that opt imum 
performance would necessitate the use 
of one or more low-noise preamplifier 
stages preceding the diode balanced 
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mixer. Several popular amplifier cir-
c u i t s 2 , 3 , 4 were tried and the results 
were entirely satisfactory. However, I 
wanted to depart f rom the conventional 
technology (pi-network input and out-
put w i th slab inductors) used in these 
designs. Since I had obtained consider-
able success wi th microstriplines in a 
family of transmit linear amplifiers, I 
decided to build a family of receive 
preamps using the same basic design 
techniques. The resulting circuits, pre-
sented here, represent a reasonable 
tradeoff between cost, performance, sim-
plicity and reproducibility. 

system considerations 
I t was assumed that these amplifiers 

would precede a receive converter wi th 
a ssb noise figure on the order of 10 dB. 
The Simple Sideband System1 meets 
this criteria, as do most properly adjust-
ed trough-line converters,5 and at least 
one popular commercial uni t . * 

A workable rule of t h u m b is the 
principle that, if the gain preceding a 
receive converter is at least 10 dB 
greater than the converter's noise figure, 
then the noise figure of the total system 
will , for all intents and purposes, equal 
the noise figure of the preamplifier. 
Thus, 2 0 dB of preamplifier gain preced-
ing a 10-dB N F converter wi l l have the 
effect of masking the converter's noise. 

A number of readily available micro-
wave transistors are capable of 2- to 
3-dB noise figures in the 1 2 9 6 - M H z 

•Spect rum International M M C 1 2 9 6 , $85 .95 
f r o m Spectrum International, Box 1084 , Con-
cord, Massachusetts 0 1 7 4 2 . 
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amateur band. These devices offer con-
servatively rated power gains on the 
order of 10 dB per stage so if two such 
stages of preamplification precede the 
10-dB NF converter, an overall noise 
figure of 2 to 3 dB will result. 

When receive preamplifiers are con-
nected in cascade, the first stage should 
be adjusted for optimum noise figure; 
subsequent stages are adjusted for opti-
mum power gain. In practice the only 
difference lies in the input matching 
circuit. When a power-match is desired, 
the input circuit presents a complex 
conjugate match to the transistor's in-
put impedance. In the case of a noise-
match, a predetermined mismatch is 
introduced into the input circuit to 
minimize the stage's noise figure. In 
both cases the transistor's collector 
should look into a complex conjugate 
match. 

microstripline considerations 
The exact details of a microstripline 

design vary with the material used for 
the substrate. Such dielectrics as Teflon, 
Rexolite, Duroid, and glass offer superi-
or performance at microwave fre-
quencies. The material most readily 
available to the experimenter, however, 
is fiberglass-epoxy printed-circuit board. 
After having designed and built more 
than a dozen preamplifiers of the type 
described here, on a variety of sub-
strates, I can state conclusively that the 
degradation in performance resulting 
from building on lowly glass-epoxy 
board is beyond the measurement 
capabilities of the average experimenter. 
Thus the amplifiers presented here were 
designed to be etched onto 1/16-inch 
(1.5mm) thick G-10 PC board, double-
clad with 1-ounce copper. 

It is possible to design an amplifier 
using microstriplines that requires no 
external tuning — all the resistive and 
reactive matching elements are provided 
by the microstriplines. Such designs 

have been published previously, and if 
properly built, will provide excellent 
performance without the need for tun-
ing adjustments. However, amplifiers 
without tuning adjustments are practi-
cally an affront to the amateur spirit. 
Though considered frivolous by some, 
my amplifiers include trimmer capaci-
tors. In addition to giving the dyed-in-
the-wool experimenter something to 
tweak, these adjustable components 
provide some degree of compensation 
for slight variations between transistors, 
as well as variations from one PC board 
to the next. 

preamplifier transistors 
The second-stage amplifier is built 

around a Hewlett-Packard 35826E, a 
low-cost version of the well known 
HP-21 family. An acceptable substitute 
is the V021 manufactured by the 
Nippon Electric Company, a second-
source device which performs identical-
ly in the circuit. At the time of this 
writing, both transistors sell for $17.50 
each in single quantities.* 

The device used in the optimum-
noise-matched first stage depends on the 
needs and budget of the individual 
builder. The design presented here uses 
a Hewlett-Packard 35866E option 100, 
one of the least expensive members of 
the low-noise HP-22 family. Priced at 
$45, it provides an overall system noise 
figure of 2 dB, challenging the best 
parametric amplifiers of yesteryear. Un-
less you anticipate EME or long-haul 
troposcatter communications, you will 
probably find it more cost-effective to 
use the lower priced HP-21 or V021 in 

*For the address of your nearest Hewlett-
Packard distributor, look in the Yellow Pages 
or write to HPA Division, 540 Page Mill Road, 
Palo Alto, California 94304. Nippon Electric 
Company semiconductors are distributed in 
this country by California Eastern Labs, Inc., 
1 Edwards Court, Burlingame, California 
94010. 
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the first stage as well. These devices, 
when tuned for optimum noise figure in 
the circuit shown in fig. 1, will yield an 
overall system noise figure on the order 
of 3dB . 

The cost factor can be easily ana-
lyzed in terms of dollar expenditure per 
dB improvement in signal-to-noise ratio. 

but at an added cost of $27.50. The 
overall cost-effectiveness of the two-
stage preamplifier now becomes $7.81 
per dB — not an unreasonable figure 
when m a x i m u m performance is 
required. 

Since it is common practice for 
microwave semiconductor manufac-

23 

C1,C2 50 pF chip capacitor (ATC 100 or 
equivalent 

C3,C4 1 to 5 pF precision piston trimmer 
(Johannson JMC 4642) 

C5,C6 1000 pF feedthrough capacitor 
Q1 Hewlett-Packard 35866E, option 100 

preferred (HP 35826E or NEC V 0 2 1 
acceptable) 

R1 470 ohm, >/4 watt carbon composition 
R2 4.7 ohm, lk watt, carbon composition 
RFC1 100 ohm, quarter-wavelength micro-
RFC2 stripline, 0 .02" (0 .5mm) wide, 1.25 

inch (32mm) long 

c« 

RFCZ 

FT 
I 

tt2 V, SmA 

Z1.Z4 50 ohm microstrlpline, 0 .1" (2.5mm) 
wide, any convenient length 

Z2 41.7 ohm, quarter-wavelength micro-
stripline, 0 .14" (3 .5mm) wide, 1.18" 
(30mm) long 

Z3 75 ohm, quarter-wavelength micro-
stripline, 0 .04" (1mm) wide, 1.22" 
(31mm) long 

Z5 ,Z6 Rf short. 25 ohm, quarter-wavelength 
open-circuited microstrlpline, 0 .30" 
(7 .5mm) wide, (32mm) long 

fig. 1. Circuit for the noise-matched 
layout is shown in fig. 2. 

1296-MHz preamplifier stage. Printed-circuit 

For example, two stages of HP-21 or 
V 0 2 1 at $17.50 per transistor will 
improve a 10-dB NF converter by 7 dB 
at a device cost of $5.00 per dB 
improvement. With the higher perform-
ance HP-22 in the front end, an addi-
tional dB of sensitivity can be achieved, 

turers to produce a family of transistors 
by mounting the same chip in a variety 
of packages, it is often possible to 
substitute a different transistor of the 
same family without significantly influ-
encing amplifier performance. 

The part numbering system used at 
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Hewlett-Packard provides some insight 
into the interchangeability of their de-
vices. A system of five digits and a 
one-letter suffix is used, the first three 
digits being 358. The fourth digit posi-
tion indicates the device family, with 
the number 6 designating HP-22 type 
devices (low noise microwave transis-

packaged chips carry the suffix A. The 
HP 35821E, for example, is a general-
purpose (HP-21) microwave transistor 
mounted in a 200-mil (5mm) round 
strip package in the common-emitter 
configuration. 

Obviously, differently packaged ver-
sions of the same semiconductor chip 

fig. 2. Full-size printed-circuft layout for the noise-matched 1296-MHz preampli-
fier shown in fig. 1, 

tors), the number 2 referring to HP-21 
type transistors (for general-purpose 
microwave applications), and the num-
bers 3 and 5 indicating the linear power 
transistors of the HP-11 and HP-12 
families. 

The fifth digit of the Hewlett-
Packard part number indicates the type 
of package in which the semiconductor 
chip is mounted. Among the strip-packs, 
a number 2 indicates a 70-mil (1.8mm) 
diameter; 1, a 200-mil (5mm) diameter; 
and 6, a 100-mil (2.5mm) square pack-
age. The number 4 refers to a metal 
TO-72 package, and 7 is a coaxial 
package. Grounded-stud packages are 
designated by a 4, and 3 indicates a 
grounded-bar configuration. Unpack-
aged chips are coded zero. The letter 
suffix indicates whether the device is 
mounted in common-emitter (E) or 
common-base (B) configuration. Un-

will differ from one to another in terms 
of their complex input and output 
impedances. However, at low fre-
quencies (and for microwave devices 1.3 
GHz can be considered low), the con-
tribution of package parasitics to the 
overall input (S11) and output (S22) 
S-parameter values can be considered 
small in relation to the characteristics of 
the chip itself.* These amplifiers, 
though designed around the character-
istics of the 100-mil (2.5mm) square 
package, function well with like transis-
tors in the 70-mil (1.8mm) and 200-mil 

*The S-parameters or scattering parameters 
are one of several methods used for describing 
the input-output characteristics of transistors. 
The basic difference between S-parameters 
and other systems are that the S-parameters 
are measured with transmission-line inputs and 
outputs; this greatly simplifies measurements 
at uhf and microwave. 
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{5mm} round packages with only minor 
degradation in input and output vswr. 

An analogous situation exists with 
Nippon Electric Company transistors, 
although NEC lacks the elaborate num-
bering system which identifies the HP 

with this newer transistor in the existing 
boards, performance was wholly satis-
factory. As a matter of fact, the V021 
in the 100-mil (2.5mm) square package 
exhibited 0.2 dB lower noise figure than 
the original device. 

C 7 , C 8 50 p F c h i p capac i t o r ( A T C 1 0 0 o r 
equ i va l en t ) 

C 9 0 .35 to 3.5 p F p rec i s i on p i s t on t r im-
mer ( J ohann son J M C 5 8 0 1 ) 

C I O 1 t o 5 p F p rec i s i on p i s t o n t r i m m e r 
( J ohann son J M C 4 6 4 2 ) 

C l l , 
C 1 2 1 0 0 0 P F f e ed th r ough c apa c i t o r 

Q2 H e w l e t t - P a c k a r d 3 5 8 2 6 E o r N E C 
V 0 2 1 

R 3 4 7 0 o h m , V* wat t c a r b on c o m p o s i t i o n 

R 4 4.7 o h m , Vt wa t t c a rbon c o m p o s i t i o n 

R F C 3 100 o h m , qua r te r -wave leng th m l c ro -
R F C 4 s t r lp l i ne , 0 . 0 2 " ( 0 . 5 m m ) w i de , 1 . 2 5 " 

( 3 2 m m ) long 

Z 7 , Z 8 5 0 o h m m i c r o s t r i p l i n e , 0 . 1 0 " ( 2 . 5mm) 

w i de , any conven i en t length 

2 9 2 5 o h m , qua r te r -wave l eng th m i c ro -

s t r i p l i ne , 0 . 3 0 " ( 7 . 5mm) w i de , 1 . 1 4 " 

( 2 9 m m ) long 

Z 1 0 7 5 o h m , qua r te r -wave leng th m i c r o -

s t r ip l ine , 0 . 0 4 " ( 1 m m ) w i de , 1 . 2 3 " 

( 3 1 m m ) long 

Z l l , R f sho r t . 2 5 o h m , qua r t e r -wave l eng th 

Z 1 2 o p e n - c i r c u i t e d m i c r o s t r i p l i n e , 0 . 3 0 " 

( 7 . 5 m m ) w ide , 1 . 1 4 " ( 2 9 m m ) l ong 

fig. 3. Circuit for gain-matched 1296-MHZ amplifier stage. Printed-circuit layout 
for this amplifier is shown in fig. 4. 

devices. The NEC V021 was initially 
manufactured in a 150-mil (3.8mm) 
round package, and it was the scattering 
parameters for that device which were 
used in the design of these amplifier 
boards. Recently NEC introduced a 
V021 chip mounted in a 100-mil 
(2.5mm) square package. Although per-
fect matching could not be achieved 

When ordering the NEC V021 tran-
sistor, specify the 320 package if a 
150-mil (3.8mm) round package is de-
sired. For the 100-mil (2.5mm) square, 
request package ML-3. There is no price 
difference. 

construction 

Figs. 1 and 3 are functional sche-
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matics of the amplifier stages. Micro-
striplines opposite a groundplane (the 
unetched side of the double-c lad 
pr inted-c ircuit board) comprise all 
matching transformers, rf chokes and rf 
bypasses. Figs. 2 and 4 are full-size 
printed-circuit layouts for the noise-
matched and power-matched stages, re-
spectively. Note that dimensions are 
applicable only to 1/16-inch (1.5mm) 
G-10 double-sided glass-epoxy printed-
circuit board. 

Mounting of the transistors is de-
tailed in fig. 5. A hole is drilled in the 
PC board to allow direct strapping of 
the emitter traces to the groundplane. It 
is desirable to cover this hole on the 
groundplane side after the transistor is 
installed, to improve shielding and fur-
nish physical protection for the 
transistor. 

A word of caution is in order regard-
ing mounting the transistors to the 
boards. There is a difference in lead 
layout between the HP and NEC transis-
tors which can cause considerable con-
fusion. The emitter leads of both de-
vices are the wider pair of leads. One of 
the two remaining leads is tapered 45° 
at the end. The slashed lead is the base 
of the NEC devices, but the collector of 
the HP transistors. This small difference 
cost me two expensive transistor failures 
while developing the prototype ampli-
fiers for this article. 

The grounded (adjusting screw) end 
of the trimmer capacitors must be con-
nected directly through the board to the 
groundplane to minimize tuning-tool 
interactions when making adjustments. 
Although concentric-ring piston trim-
mers (Johannson, JFD, etcetera) are 
ideal for this purpose, performance of 
the lower cost ceramic piston trim-
mers used in uhf TV tuners is entirely 
satisfactory. 

The dc blocks at the input (C1 and 
C7) and output (C2 and C8) should 
ideally be ceramic chip capacitors. If 

these are not available, modified mini-
ature disc ceramic capacitors are usable. 
An Xacto knife is used to scrape the 
insulation off of the sides of the capaci-
tor, the leads are removed and, using the 
lowest possible soldering heat, the PC 

Micros t r ip l ine side of the noise-matched 
1296-MHz preamplifier. The low-noise H -P 
35866E transistor is at the top center of the 
board. The gain-matched stage is similar ex-
cept for the width of the input quarter-wave 
transformer and placement of the input 
trimmer capacitor. 

traces are bridge-soldered directly to the 
capacitor plates. 

The prototype preamplifiers shown 
in the photographs use miniature S M A 
coaxial connectors, but the less ex-
pensive JCM connectors made by E. F. 
Johnson are satisfactory substitutes. 
TNC connectors may be used, too, but 
they are much larger. BNC connectors 
should be avoided as they will slightly 
degrade the noise-figure performance of 
the amplifier stages. Fig. 6 shows a 
method of modifying flange-type bulk-
head connectors for use as microstrip-
line launchers. 

All power-supply leads for the collec-
tor supply and bias current are isolated 
from the rf circuitry by rf chokes, 
ferrite beads and bypass and feed-
through capacitors. Therefore, the nec-
essary bias circuitry can be installed on 
the groundplane side of the circuit 
board. 
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bias circuits 

With the transistors specified, opti-
mum noise figure occurs at a collector 
current of approximately 5 mA. A 
higher collector current will improve 
stage gain. In the conventional configur-
ation of a low-noise first stage and 
higher-gain second stage, it is desirable 
to bias the two stages for collector 
currents of 5 and 10 mA, respectively. 

Virtually any bias circuit which will 
maintain the desired collector current is 
acceptable. Many of the simpler resistive 
bias circuits should be avoided due to 
their low stability factor (that is, high 
dependence of collector current on tran-
sistor dc current gain) and the resulting 
danger of thermal runaway. To quote a 
useful Hewlett-Packard applications 
note, "Often the least considered factor 
in microwave transistor circuit design is 
the bias network. Considerable effort is 
spent in measuring S-parameters, calcu-
lating gain, and optimizing bandwidth 
and noise figure, while the same resistor 
topology is used to bias the transistor. 
Since the cost per dB of microwave gain 
or noise figure is so high, the circuit 
designer cannot afford to sacrifice rf 
performance by inattention to dc bias 
considerations."6 

A n active bias circuit (variable 
constant-current source) is desirable in 

-THIN COPPER 
COVER PLATE 

T 
W/MMM VM//S///A 

r 
GROUND 
PLANE 

DIELECTRIC 

THIN COPPER 
STRAP 

EMITTER TRACE 

EMITTER LEAD 

TRANSISTOR 

fig. S. Method for mounting the transistors to 
the printed-circuit boards. Note thin copper 
strap used to connect the emitter circuit trace 
to the ground plane. Solder emitter leads as 
close as possible to the transistor package and 
use minimum soldering heat to avoid transis-
tor damage. 

that it affords a degree of protection for 
the transistor while permitting ready 
collector current adjustment for opti-
mizing stage gain and/or noise figure. 
One such circuit, shown in fig. 7, 
furnishes a variable collector current of 
2 to 12 mA, more or less independent 
of the dc current gain of the transistor 
being biased. 

For initial amplifier tuneup, adjust 
the trimpot in the base of the bias 
transistor to produce 5.5 m A of total 
current in the first amplifier stage, and 
10.5 m A in the second. (This accounts 
for a quiescent bias circuit current of 
0.5 mA). Upon completion of all rf 
tuning, the trimpots may be adjusted to 
optimize the overall system noise figure. 

fig. 4. Full-size printed-circuit layout for the 1296-MHz gain-matched amplifier 
shown in fig. 3. 
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- MtCROSTRIPLINE -» CONNECTOR PIN CENTERLINE 
TO END OF MtCROSTRIPLINE • 
HALF OP STRIPLINE WIDTH. 
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DIELECTRIC THICKNESS 

£ .08" 

-PUCE OFF 
METAL UP 

1 
ua-290/u MODIFIED 

UG-290/U 

fig. 6. Modifying coaxial bulkhead connectors 
for use as microstripline launchers. 

alignment 
The two preamplifier stages are built 

as separate subassemblies and connected 
together with a short length of coaxial 
cable. The reasons for this modular 
approach are twofold. Most obvious is 
the fact that many operators may wish 
to add a single stage of preamplification 
initially, expanding their system later as 
needs and budget dictate. In this case it 

fig, 7. Active bias circuit provides adjustable 
collector currents from 2 to 12 mA. Compo-
nents below dotted line are part of the ampli-
fier circuit (see figs. 1 and 3). 

is recommended that the power-gain 
matched stage (which uses the less 
expensive transistor) be built first. 

Even if two stages of preamplifica-
tion are built, tuneup and matching can 
be most readily accomplished if the 
stages are in separate modules. The 
power-matched stage is connected to 
the receiving converter first, its input 
terminated in 50 ohms, and the trimmer 
capacitors adjusted for maximum re-
ceived signal from a beacon source.7 ,8 ,9 

Once a power match is achieved in the 
second stage (both input and output), 
the first stage is connected and, using a 
weak-signal source, its output circuit 
only is adjusted for maximum received 
signal. A power match now exists be-
tween the two amplifiers as the output 
of the first stage and the input to the 
second stage are each matched to 50 
ohms, and a 50-ohm coaxial cable con-
nects the two. 

The tuning process is completed by 
obtaining a proper noise match into the 
first stage. This is most readily accom-
plished by using an argon-discharge type 
noise source.1 0 , 1 1 Unfortunately, few 
experimenters have access to such 
equipment, except perhaps at regional 
uhf conferences.* A semiconductor 
diode noise source is an acceptable alter-
nat ive. 1 2 , 1 3 A number of articles have 
described the process of tuning an ampli-
fier for minimum noise figure.14"1® 

When adjusting the input circuit of 
the first stage, an important considera-
tion is the interactive nature of the 
input matching and bias current adjust-
ments. Since the transistor's optimum 
source reflection coefficient, r o (see 
page 24), varies with collector current, 

*One of the more popular attractions at the 
annual West Coast V H F Conference is a 
receiver noise-figure competition, during 
which participants may optimize the perform-
ance of their receiving equipment with an 
automatic noise measuring system. A gas-
discharge noise source is usually available for 
noise-figure measurements on both 1296 and 
2304 MHz. 
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the ultimate in performance is achieved 
by alternate adjustments to first the in-
put trimmer capacitor, then the bias 
pot. These adjustments are repeated un-
til no further improvement in noise 
figure can be achieved. 

The tuning elements of these ampli-
fiers are inherently broadband. Without 
adequate selectivity at the input, bipolar 
transistors can exhibit disastrous over-
load character ist ics . The cross-
modulation and intermodulation effects 
of operating these preamplifiers in a 
high rf-density environment {i.e., vir-
tually any populated area of the world 
today) can completely nullify any 
system noise-figure improvement. As a 
precaution it is good practice to provide 
input selectivity external to the pre-
amplifier in the form of a high-Q filter 
in series with the antenna input. Single-
pole coaxial or trough-line resonators, as 
well as some multi-pole microstripline 
filters, can provide adequate selectivity 
against out-of-band signals with a mini-
mum of insertion loss (which would add 
to the amplifiers^ noise figure in estab-
lishing receiver sensitivity). 

When an input filter is used it is 
important to first optimize the pre-
amplifier's noise figure as discussed 
above, then adjust the filter for mini-
mum insertion loss at the operating 
frequency in a 50-ohm system. After 
mating the two, no further adjustments 
should be made to either the filter or 
the preamplifier unless a precision auto-
matic noise-figure meter is available. 

multipurpose uhf tuning 
instrument 

It is interesting to note the 
similarities between the diode noise 
sources and rf beacons commonly used 
for adjusting uhf receiving preamplifiers. 
Both instruments normally have an out-
put circuit consisting of a microwave 
diode feeding a tuned circuit, with an 
output port matched to 50 ohms. The 
two pieces of test equipment differ in 
that the diode is fed with direct current 

<•) DC BIAS TO DIODE 
IN NOISE GENERATOR 
MODE 

108 MHz 

C1,C2 0.5 to 2 p F piston trimmer capacitor 
C3 (low-cost ceramic type acceptable) 
C R 1 microwave diode (1N25 or equivalent) 
L 1 , L 2 grounded microstripline, 0.3" (7.5mm) 

wide, 0.9" (23mm) long, tapped 0.2" 
(5mm) up from grounded end 

L 3 6 turns no. 20, 0.1" (2.5mm) diameter, 
0 .5" (13mm) long 

L 4 5 turns no. 20, 0.25" (6.5mm) diam-
eter, 0.5" (13mm) long, tapped at 1 
and 2V2 turns from grounded end 

R 1 . R 2 1 0 ohm, '/4 watt carbon composition 
R3 110 ohm, V< watt carbon composition 

fig. S. Combinat ion weak-signal source (C) 
and diode noise generator (B). Microstripline: 
LI and L2 are etched on 1/16" (1.5mm) 
double-clad, fiberglass-epoxy circuit board (A). 

when used as a noise generator, versus rf 
when used as a weak signal source. The 
diode functions as a white-noise genera-
tor in the former application as opposed 
to harmonic generation in the tatter. 

There is no reason why the two 
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fig. 9. Input reflection coefficient, S n . and 
output reflection coefficient, S22> v s f r e " 
quency for the Hewlett-Packard 35866E tran-
sistor ( V q e = 1 0 volts, l c = 10 mA) . 

functions cannot be combined into a 
single instrument. Fig. 8 represents an 
attempt to do so. The circuitry associ-
ated with the diode and its two-pole 
resonator is similar to the scheme I used 
in the local-oscillator section of the 
1296-MHz transceive converter with 
filtering consisting of microstripline in-
ductors etched on G-10 glass epoxy PC 
board. The three resistors at the output 
port form a 3-d B T-attenuator which 
assures a reasonable approximation of a 
50-ohm output impedance. (In the 
weak-signal-source mode, additional 
pads may be placed between the output 
of the generator and the input to the 
receiver.) 

The diode's input circuit is an adap-
tation of the familiar L-match used in 
the multiplier circuits of trough-line 
converters. The crystal-controlled 
108-MHz oscillator which feeds the 
diode in the signal-generator mode is 
borrowed from a popular signal source 
design7 while an existing noise-generator 
circuit17 provided a workable diode 
biasing scheme. In short, the design pre-
sented in fig. 8 is an amalgamation 

of various pieces of uhf test equipment 
into a single package. 

Tuneup of the multipurpose instru-
ment consists of merely connecting it in 
the rf beacon mode and tuning capaci-
tors C1, C2, C3, C4 and C5 for maxi-
mum 1296-MHz signal into your 
receiver. 

circuit design 

For those readers who care to follow 
the calculations involved, the remainder 
of this article documents the procedure 
used to design the microstripline match-
ing circuits of these 1296-MHz ampli-
fiers. It should be pointed out that there 
are at least as many different methods 
for designing microstripline amplifiers as 
there are microwave engineers, and no 
one technique is necessarily any better 
or more workable than the others. The 
method shown here represents nothing 
more sacred than my own personal 
preference. It should be pointed out, 
however, that many of the more elegant 
amplifier designs used in the microwave 
industry are so complex as to be solv-
able only with the aid of a large digital 
computer. The designs shown here, 
though somewhat less precise, can be 
calculated by the average experimenter 
using only a slide rule. 

Let us first consider a method for 
obtaining a complex conjugate impe-
dance match to the amplifier transistors. 
Toward the end of this article I will 
discuss the special case of precisely 
mismatching the input to the first stage 
to obtain optimum noise figure. 

Nearly all microwave semiconductor 
manufacturers publish Smith charts de-
picting the complex input and output 
impedances ( S n and S 2 2 , respectively) 
as a function of frequency. Figs. 9, 10 
and 11 show such data for the HP 
35866E, HP 35826E and NEC V021, 
respectively. In addition to these charts, 
most manufacturers furnish tabulated 
data listing the input and output impe-
dances at various frequencies and differ-
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ing bias conditions. It is important to 
note that these impedances vary signi-
ficantly with changes in the dc opera-
tion of the transistor. 

When tabular data is furnished, com-
plex impedances are generally shown in 
polar form, i.e., magnitude and angle. 
This polar form may be converted to 
the more familiar rectangular notation 
(A ± ]B) on a Smith chart as indicated in 
fig. 12. Note that the magnitude is a 
decimal indication of the distance along 
a radius of the Smith chart, from zero 
(center) to 1 (circumference). The angle 

output matching 

It was desired to develop a single 
output circuit which would approxi-
mate a match to 50 ohms for any of the 
three referenced transistors, under 
either of the two indicated bias condi-
tions. Assume for a moment that the 
reactive component of each transistor's 
parallel-equivalent complex output 
impedance is cancelled by a reactance of 
like magnitude and opposite sign shunt-
ing the collector (this will be accom-
plished shortly). Under these conditions 

table 1. Typ ica l S-parameters at 1.3 G H z (given in polar form, rectangular form and 
as parallel shunt equivalent, respectively). 

HP 35826E HP 35826E HP 35866E NEC V021 
l c = 5mA l c = 10 mA lc = 5 mA l c = 10 mA 

Input reflection 0 . 6 1 ^ 1 7 8 ° 0 . 6 2 6 ^ 1 7 1 ° 
coefficient, S i i — 12.5 + j 0 . 5 — 11.75 + ]4.0 

12.77 || +j325.6 13.11 || - J38.5 

Output reflection 0.57 £ - 4 1 ° - 0 . 5 1 ^ - 4 0 ° 0 . 6 1 ^ - 3 7 ° 0 .266 f_ - 6 5 ° 
coefficient, S 2 2 - jSO.O 76 - J67.5 80 - j90.0 55 - j27.5 

160 || - j l 5 0 136 II - j l 5 3 181 I I - j l 6 1 6 9 | | - j l 3 8 

listed represents the direction of that 
radius. (For further material on the use 
of Smith charts see reference 19.) 

Table 1 lists complex impedances, in 
both polar and rectangular form, for the 
transistors used in these amplifiers 
under the applicable dc bias conditions, 
at 1296 MHz. It is useful to convert the 
complex series impedances to their 
shunt equivalent circuit values. The 
applicable formulas are 

*s2 

R p - R s + R j 

V - R S X R P 
x p ~ X s 

where R s and X s represent the resistive 
and reactive components, respectively, 
of the complex series impedance, and 
R p and X p represent the components of 
the parallel equivalent circuit. The paral-
lel equivalents are included in table 1. 

the impedance to be matched to 50 
ohms is a real value of magnitude R p . 
For the conditions being considered, the 
value of R p varies between 68.75 and 
181.0 ohms. A compromise output cir-
cuit should match to the geometric 
mean of these outside values 

R p (mean) =\/Rp (max) x R p (min) 

= 111.6 ohms 

A 111,6-ohm nonreactive source may be 
matched to a 50-ohm nonreactive load 
through a quarter-wave matching trans-
former of characteristic impedance 

Z D = V Z i n x Z o u t = V l 11 -6 x 50 
= 74.7 ohms 

Still assuming no reactive component, 
the actual amplifier output impedance 
resulting from the use of each transistor 
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j3.0 
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jlOO 

J100 

- 1 2 . 0 

fig. 10. Typical input reflection coefficient, 
S j and output reflection coeff icient, S 2 z , vs 
frequency for the H-P 3 5 8 2 6 E transistor 
( V C E = 1 5 volts, l c = 15 m A ) . 

the resulting output vswr, are listed in 
table 2. Note that, even though re-
stricted to a single output circuit for 
various combinations of device and 
collector current, this results in an 
acceptably low vswr well below 2:1. 

Now, what about the reactive com-
ponent of the transistor's output impe-
dance so blithely ignored up to this 
point? Table 1 reveals the various values 
of parallel equivalent reactance, X p , to 
be a shunt capacitive reactance (~j) in 
all cases, varying between 137.5 and 
161.0 ohms. Obviously these capacitive 
reactances could be cancelled out by a 
variable inductor of like reactance range 
connected in shunt with the transistor's 
collector. However, from a practical 
standpoint, a variable capacitor is a 
more desirable tuning element than a 
variable inductor. 

in this circuit would be that transistor's 
equivalent parallel output resistance 
transformed through a 75-ohm quarter-
wave section. These values, along with 

•j0.2 

±180" 

-j0.2 

fig. i l . Typical input reflection coefficient, 
Sf 1, and output reflection coeff icient , $ 2 2 , vs 
frequency for the N E C V 0 2 1 transistor ( V c e 
= 10 volts, l c = 1 0 m A ) . 

table 2 . Actua l output impedance and vswr of 
the Hewlett -Packard and N E C transistors in the 
circuits of figs. 1 and 3. 

device 
HP 3 5 8 2 6 E 
HP 3 5 8 2 6 E 
HP 3 5 8 6 6 E 
N E C V 0 2 1 

lc 
5 mA 

10 mA 
5 mA 

10 mA 

Zout = 7 5 2 / R p 

35 .16 o h m s 
4 1 . 3 6 o h m s 
31 .08 o h m s 
8 1 . 8 2 o h m s 

vswr 

1 . 4 2 : 1 
1.21:1 
1.61:1 
1 . 6 4 : 1 

The desired inductance may be real-
ized by connecting a shunt capacitance 
to the collector through a quarter-wave 
transformer. As luck would have it, a 
quarter-wave transformer already exists 
at the collector circuit - the 75-ohm 
section used to match the transistor's 
parallel equivalent resistance to 5 0 
ohms! 

What value of capacitive reactance 
must be connected to the load end of 
the 75-ohm quarter-wave transformer? 
It must match the inductive reactance, 
X o u t , resulting from transforming the 
transistor's shunt capacitive component, 
X p , through a 75-ohm quarter-wave 
section. The relationship is 

Z 2 
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which results in a range of values for 
X o u t of between +j34.9 and +j40.9 
ohms. The required values for the trim-
mer capacitor, from C = 1/27rfXc, is 3 to 
3.5 pF at 1296 MHz. Allowing for 
variations between devices and imper-
fections in the micro-striplines, a 1 to 5 
pF trimmer will assure cancellation of 
any of the transistors' shunt reactive 

Ground-plane side of the preamplifier stage. 
Nole that component placement In the dc 
bias circuitry is not critical but the feed-
t h r o u g h c a p a c i t o r s m a k e c o r w o n i o n t stand-
offs. The transistor mounting hole is covered 
with copper foil to promote good rf shielding. 

components. The resulting compromise 
output circuit is used in the circuits of 
figs. 1 and 3. 

input matching 
This discussion applies only to the 

second stage as a complex conjugate 
match into the first stage is not desired. 
From table 1, the input shunt reactance 
values for the two different transistors 
are found to be +j38.5 and +]325.6 
ohms. As these values are positive (in-
ductive), a shunt variable capacitor 
directly at the base will provide reactive 
matching. The capacitance range re-
quired is 0.38 to 3.2 pF. To provide 
sufficient tuning range, a 0.35 to 3.5 pF 
capacitor was chosen. 

With the shunt reactive component 
thus disposed of, input matching now 

amounts to transforming 50 ohms to 
the required equivalent parallel resis-
tance, R p . The geometric mean of the 
R p values for the two transistors is 

R p (mean) = V12.77 x 13.11 = 12.94 ohms 

The required quarter-wave matching sec-
tion has a desired characteristic impe-
dance of 

Z 0 = >/12.94 x 50 = 25.4 ohms 

Fig. 3 reflects these values. The resulting 
amplifier input impedance, as shown in 
table 3, yields an input vswr of better 
than 1.1:1. 

noise-matching the first stage input 
A parameter frequently specified for 

low-noise microwave transistors is the 
source reflection coefficient for opti-
mum noise figure, Fs opt, or simply ro, 
optimum source reflection coefficient. 
Either designation is an indication of 
the source impedance seen by the tran-
sistor input terminals when matched for 
optimum noise figure. The reference 
plane is at the edge of the transistor 
package, perpendicular to the input 
lead. The optimum source reflection 
coefficient, r o , is often plotted as a 
function of frequency on a Smith chart, 
as indicated in fig. 13. It is important to 
realize that the impedances read from 
the r o Smith chart are those looking 
back toward the source, not the transis-
tor's input impedance. 

If the input impedance to the ampli-
fier (typically 50 ohms non-reactive) 
can be transformed to appear at the 
transistor input as ro, optimum noise 

table 3. Actual input impedance and input vswr 
of Hewlett-Packard and N E C transistors in the 
circuit of fig. 3. 

device Z\n = 252/Rp vswr 
HP 35826E 48.9 ohms 1.02:1 
N E C V021 47.7 ohms 1.05:1 
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fig. 12. Using the Smith chart to convert 
impedance in the polar form to rectangular 
form (A ±jB). T h e magnitude and angle 0.8 

50° lies on a radius passing through the 
- 5 0 ° point on the outer circumference, 80% 
of the linear distance from the center to the 
edge of the chart, at 0.6 - j2.0 on the normal-
ized Smith chart shown here (30 - J 1 0 0 ohms 
in a 50-ohm system). 

*)0 2 

"JO.2 

fig. 13. Typ ica l optimum source reflection 
coefficient, F 0 vs frequency for the Hewlett-
Packard 3 5 8 6 6 E transistor < V C E = 10 volts, 
l c = 5 mA>. 

figure will result. Fig. 13 shows that, for 
an HP 35866E option 100 device oper-
ated with l c = 5 mA, F 0 at 1.3 GHz is 
equal to 40 + j25 ohms. This translates 
to a shunt equivalent circuit of 34.8 
ohms in parallel with + j55.6 ohms. 
Disregarding the inductive reactance 
shunting the base for a moment, the 
required real component can be readily 
realized by transforming the 50-ohm 
input impedance through a quarter-wave 
section with a characteristic impedance 

Zo = V 5 0 x 34.8 = 41.7 ohms 

As before, the desired inductive reac-
tance shunting the transistor is achieved 
by adding a shunt capacitive reactance a 
quarter wavelength away from the tran-
sistor. The required capacitive reactance 
is 

X , xrf 
= 31.3 ohms 

which at 1.3 GHz would represent a 
capacitance of 3.9 pF. A 1 to 5 pF 
trimmer is used for tuning the input to 
the first stage for optimum noise figure 
as shown in fig. 1. 

modified interstage circuit 
A number of the active 1296 opera-

tors who reviewed preliminary copies of 
this manuscript expressed an interest in 
a modified interstage design which 
would allow both stages of preamplifica-
tion to be combined on a single ampli-
fier board. Although I personally prefer 
separate modules, I concede that such a 
design would be of some value. A 
two-stage 1296-MHz preamplifier design 
by W6KQG2 0 transformed the output 
impedance of one HP-21 into the com-
plex conjugate of the second HP-21's 
input impedance through a single 
quarter-wave microstripline. A similar 
approach for these amplifiers, with the 
added provision of reactive tuning, is 
shown in fig. 14. 
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fig. 14. Modified interstage circuit for building the two 1296-MHz amplifier stages in figs. 1 and 3 
on one circuit board. Circuit-board layout is shown in fig. 15. 

It should be pointed out that, 
with two stages cascaded in this manner, 
it is impossible to measure the output 
vswr of the first stage or the input vswr 
of the second. Therefore, proper match-
ing can be approximated only by tuning 
the amplifier for maximum gain. This is 
complicated by the fact that interstage 
matching is influenced by the output 
reflection coefficient, S22, of transistor 
Q1 (which varies with l c l ) , the input 
reflection coefficient, S i 1 ( of Q2 (which 
varies with l C 2 ) , and the complex impe-
dance of the interstage network (which 
is controlled by capacitor C9). In prac-
tice C9 should be adjusted for maxi-
mum amplifier gain with I C 1 set at 5 
mA and l C 2 at 10 mA. Further adjust-
ments should then be made while mon-
itoring total system noise figure with an 
automatic noise meter. 

A full-size printed-circuit layout for 
the unified two-stage amplifier board is 
provided in fig. 15. Preliminary tests 
show the total gain of this amplifier to 
be within 0.5 dB of the two-module 
arrangement. With HP-22 transistors at 
Q1, both amplifier configurations yield-
ed noise figures of 2.3 dB, measured on 
a Hewlett-Packard 340B Automatic 
Noise Meter with an A I L 7010 argon-
discharge noise source. 
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Z 1 3 37 o h m , quarter wavelength micro- 2 1 4 150 o h m shunt inductive reactance 
stripline, 0 . 1 8 " ( 4 .5mm) wide, 1 . 1 6 " consist ing of 50 ohm, 0.2-wavelength 
( 29 . 5mm) long, gap in center for in- microstripl ine, 0 . 1 0 " ( 2 .5mm) wide, 
stalling C 2 0 . 9 6 " (24 .5mm) long 

fig. 15. Full-size printed-circuit layout for the two-stage 1296-MHz amplifier. For identification of 
microstripHnes Z13 and Z14, see fig. 14. 

1. H. Paul Shuch, WA6UAM, "1296-MHz SSB 
Transceiver," ham radio, September, 1974, 
page 8. 
2. Allen L. Katz, K2UYH, " A 1296-MHz 
Preamplifier — That Works!" QST, November, 
1967, page 32. 
3. Dolph Vilardi, WA2VTR, "Two-Stage 
Transistor Preamplifier for 1296 MHz," Q S r , 
December, 1968, page 40. 
4. Doiph Vilardi, WA2VTR, "Low-Noise 
Transistor 1296-MHz Preamplifier," ham 
radio, June, 1971, page 50. 
5. William O. Troelscbe), K6UQH, "1296 
Revisited," QST, July, 1973, page 40. 
6. "Microwave Transistor Bias Considera-
tions," Microwave Transistor Applications 
Note 944-1, Hewlett-Packard, Palo Alto, 
California, October, 1973. 
7. Del Crowell, K6R IL , "Calibrated Signal 
Source for 432 and 1296 MHz," ham radio, 
September, 1968, page 20. 
8. James R. Kennedy, K6MIO, " U H F Signal 
Generator," 73, February, 1965, page 52. 
9. Hank Meyer, W6GGV, "Simple Transistor-
ized Beacon Source for 144, 432 and 1296 
MHz," 73, August, 1964, page 22. 
10. W. Mumford, " A Broadband Microwave 
Noise Source," Bell System Technical Jour-
nal, October, 1949, page 608. 
11. E. Maxwell, and D. Leon, "Absolute 

Measurement of Receiver Noise Figures at 
UHF, " IRE Transactions on Microwave 
Theory and Techniques, Volume MTT-4, 
April, 1956, page81. 
12. Cy Dirickson, W3BSV, "1296-MHz Noise 
Generator," ham radio. August, 1973, page 46. 
13. Frank C. Jones, W6AJF, VHF for the 
Radio Amateur, Cowan Publishing, Port 
Washington, New York, 1961, page 191. 
14. Louis N. Anctaux, WB6NMT, "Accurate 
Noise Figure Measurements for VHF, " ham 
radio, June, 1972, page 36. 
15. Ronald E. GuentzJer, W8BBB, "Noise 
Generators," QST, March, 1972, page 44. 
16. William Orr, W6SAI, and Herb Johnson, 
W6QKI, VHF Handbook, Radio Publications 
Inc., Wilton, Connecticut, 1956, page 207. 
17. Edward P. Tilton, W1HDQ, The Radio 
Amateur's VHF Manual, A R R L , Newington, 
Connecticut, 3rd edition, 1972, page 319. 
18. G.R. Jessop, G6JP, VHF-UHF Manual, 
RSGB, London, 1972, page 10-27. 
19. James R. Fisk, W1DTY, "How to Use the 
Smith Chart," ham radio, November, 1970, 
page 16 (correction, ham radio, December, 
1971, page 76). 
20. William I. Orr, W6SAI, Radio Handbook, 
Howard Sams & Company, Indianapolis, 19th 
edition, 1972, page 20-12. 

ham radio 

april 1975 Q3 27 



digital 

touch-tone encoder 
for vhf fm 

Touch-tone encoder 

design is simplified 

through the use 

of a new cmos 

tone-encoder IC — 

the Motorola MC14410 

A new cmos integrated circuit intro-
duced by Motorola, the MC14410, 
allows the design of a very compact, 
accurate, low power Touch-Tone* en-
coder system. The IC provides the full 
2-of-8 encoding from a basic 1.0-MHz 
crystal oscillator. All that is required in 
addition to the MC14410 IC is a 2-of-7 
or 2-of-8 key pad switch matrix such as 
a Chromerics ER-21623 or a ER-21611. 
Some of the outstanding features pro-
vided by the MC14410 are low power 

(typically 7.5 milliwatts at 5 volts dur-
ing standby), full 4x4 frequency matrix 
(16 characters), multiple key lockout, 
output frequency accuracy of ±0.2%, 
built-in internal crystal oscillator and 
output available for transmitter PTT. 

encoder operation 

Operation is most easily followed by 
referring to fig. 1. The encoder consists 
of a common 1-MHz crystal oscillator, 
two separate frequency divider chains 
with decoders and a digital sine-wave 
generator for each of the dividers. The 
inputs from the key pad originate from 
a 4x4 switch matrix which generates a 
four-row (R1 to R4) and four-column 
(C1 to C4) input signal according to 
table 2. The row and column inputs to 
the MC14410 are true when they are at 
a logic low level. For example, when a 
number 4 is pressed, R2 and C1 go to a 
logical zero level or ground. These in-
puts program the low group and high 

oa group counters to provide frequencies 

5 * Manager, D i g i t a l Communications Tech-

v nology Development, Computer Applications 
3 Engineering, Motorola Semiconductor Pro-
j j ducts, Inc., Phoenix, Arizona! 
• 

c ^Touch-Tone is a trademark of American 
® Telephone and Telegraph. 
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of 770 Hz and 1209 Hz, respectively. 
The row inputs produce the low group 
frequencies of 697, 770, 852 and 941 
Hz, while the column inputs produce 
the high group frequencies of 1209, 
1336, 1477 and 1633 Hz. The row and 
column inputs must each provide a valid 

logic exclusive NOR of the low and high 
group frequency dividers. The logic 
function is of no consequence for this 
particular application, but the pulsed 
output which is produced is important 
for providing a transmitter push-to-talk 
(PTT) signal. 

n 

ROW INPUTS ( 
DIVIDE-

C (M 

OSC. IN 

OSCILLATOR) 
CONNECTIONS) 

OSCILLATOR 
a MULTIPLE 

KEY DISABLE 

pic 
COLUMN) 13 C 
INPUTS) 12 C 

C' DIVIDE-
RS

 BY 'N 

CA CONTROL 

COUNTER 

2* 

2* 

COUNTER 

SINE-WAVE 
GENERATOR 

DECODER 

E> 
DECODER 

SINE-WAVE 
GENERATOR 

1 2 LOW-BAND OUTPUT 

T TEST POINT 

IS HIGH-BAND OUTPUT 

I 

fig. 1. Block diagram of the cmos tone encoder IC, the Motorola MC1441 0. 

1-of-4 input condition, as shown in 
table 1, before a two-tone output will 
occur. 

The low and high group frequency 
dividers provide inputs to two eight-
level digital-to-analog converters which 
synthesize the two sine-wave group 
tones. The outputs of these generators 
(low group at pin 2 and high group at 
pin 15), when summed together, pro-
vide the resultant two-tone output sig-
nal. Summing can be accomplished by a 
resistor summer with capacitive filtering 
required to smooth out the digital steps 
in the digital sine wave. This rolloff is 
effected by following the resistor sum-
mer with a 0.01 f i f capacitor to ground. 

Another output of interest is the one 
labeled as a test point. This output is a 

The 1.0-MHz oscillator is provided 
internally in the MC14410; the only 
external parts being the crystal and a 
15-megohm bias resistor. The crystal 
should be a parallel resonant type, maxi-
mum R s e r i e s = 540 ohms, CQ maximum 
= 7 pF, test level = 1 mW, and fre-

table 1. Input to output conditions. Row and 
column inputs must each provide a valid 1-of-
4 input before a two-tone output will occur. 

row lines column lines tone group 
depressed depressed outputs 

none none off 
none one off 
one none off 
one one both on 

two or more one high only 
one two or more low only 

two or more two or more off 
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quency = 1.0 MHz ±0.1% with 13-pF 
load capacitance. 

tone encoder 
Now that we have a general under-

standing of what the MC14410 tone 
encoder can provide, let's look at the 

will drive loads down to 600 ohms with 
a level of 0.4 volt rms. This should be 
more than adequate for all 600-ohm 
radio systems such as produced by 
Motorola and others. The MPS-A17 
amplifier provides a voltage gain of 
about five. If a level of only 0.1 volt rms 

fig. 2. Digital tone encoder using the MC14410. With C T = 50jUF, PTT hold time is 1 second (see 
text). Key pad matrix is Chromerics ER-21623 or ER-21611*. 

amateur radio application shown in fig. 
2. Included in the circuit are the Chro-
merics pad, the MC14410 IC encoder, 
U1, the resistor summer and rolloff 
filter capacitor, and a tone-amplifier/ 
emitter-follower line driver, Q1/Q2. 
Shown below the amplifier is the PTT 
one-shot timer using a MC14528, U2. 
Although a 12-volt supply voltage is 
shown, any voltage of 5 volts or more 
may be used as long as a zener diode is 
used to supply 5 volts to the ICs. 

The two-tone output level from Q2 

is required for proper deviation, then 
the amplifier may be omitted and the 
10k summing resistors may be followed 
by the MPS-A17 emitter-follower out-
put stage. 

The tone output to the transmitter 
should be ac coupled through a 5-//F 
capacitor. The output may also be 
coupled through an attenuating resistor 

*For address of your local Chromerics sales 
representative, write to Chromerics, Inc., 77 
Grand Dragon Court, Woburn, Massachusetts 
01801. 
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to provide both the required deviation 
level and some impedance isolation to 
the normal microphone input, i.e., mini-
mum loading of normal voice audio. 
The 5100-ohm MPS-A17 collector resis-
tor could be a 5000-ohm potentiometer 
in series with a 1000-ohm fixed resistor. 
This would provide an adjustable output 
level between 0.1 and 0.6 volt rms. 

If the transmitter you plan to use 
with the encoder has a high input impe-
dance audio circuit, a large isolation 
resistor is required between the output 
of the tone encoder and the audio input 
to the transmitter. This resistor may 
require values between 50k and 300k 
for proper transmitter deviation. 

The two digital group sine waves and 
the final summed output are shown in 
fig. 3. The upper waveform has a fre-
quency of 697 Hz and a peak-to-peak 
amplitude of 0.7 volt. The center wave-
form has a frequency of 1336 Hz with 
an amplitude of 0.7 volt peak-to-peak. 
The bottom waveform is the two-tone 

fig. 3. Output waveforms of the digital tone 
encoder. Upper waveform Is low-group output 
at 697 Hz, center waveform Is high-group 
output at 1336 Hz, and bottom waveform Is 
the two-tone output. 

Tone dial and key the transmitter. The 
MC14528 retriggerable one-shot IC has 
a 1.0-second hold time after tone re-
lease, i.e., the operator has at least one 
second of interdigit time available with-

table 2. Tone encoder truth table. 
character I row 1 I " — column — • 1 high-group low-group 

input R1 R2 R3 R4 C1 C2 C3 C4 tone (Hz) tone (Hz) 
1 0 1 1 1 0 1 1 1 1209 697 
2 0 1 1 1 1 0 1 1 1336 697 
3 0 l l 1 1 1 0 1 147/ 697 
A 0 1 1 1 1 1 1 0 1633 697 
4 1 0 1 1 0 1 1 1 1209 770 
5 1 0 1 1 1 0 1 1 1336 770 
6 1 0 1 1 1 1 0 1 1477 770 
B 1 0 1 1 1 1 1 0 1633 770 
7 1 1 0 1 0 1 1 1 1209 852 
8 1 1 0 1 1 0 1 1 1336 852 
9 1 1 0 l 1 1 0 1 1477 852 
C 1 1 0 1 1 1 1 0 1633 852 
* 1 1 1 0 0 1 1 1 1209 941 
9 1 1 1 0 1 0 1 1 1336 941 
# 1 1 1 0 1 1 0 1 1477 941 
D 1 1 1 0 1 1 1 0 1633 941 

output that is applied to the audio input 
of the transmitter; this signal has an 
amplitude of about 2.2 volts peak-to-
peak. 

The PTT switching circuitry allows 
the operator to simultaneously Touch-

out transmitter dropout. This time may 
be adjusted to suit the operator by 
changing the value of the 50-jUF capaci-
tor, C T , or the 51k resistor, R T , or 
both. 

ham radio 

april 1975 EB 31 



direct-reading 

capacitance meter 

Design and construction 

of a simple 

direct-reading 

capacitance meter 

that measures 

1 pF to 1 uF 

in five ranges 

Inflation and scarcity of parts have 
driven many hard-core h o m e b r e w e r s 
like myself to the surplus markets and 
swap f e s t s w h e r e y o u c an still f ind 
quality components at bargain prices. I 
have picked up a number of variable 
capacitors f rom these sources at very 
reasonable prices. Most of the time, 
however, the only way I had of deter-
mining the capacitance range was an 
eyeball estimate, and sometimes that 
proves very unreliable. I started to 
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appreciate the idea of owning a direct-
reading capacitance meter. 

A brief search through back issues of 
the amateur magazines netted a couple 
of circuits, but they didn' t appeal to 
me. It seemed there ought to be a 
simpler, more direct way to do it, and I 
began to see what I could cook up. 

theory 
Since the readout is a dc meter, it is 

desirable that there be a linear relation-
s h i p between the capacitance-to-be-
measured and the dc output of the 
measuring circuit. It so happens that the 
average dc value of a pulse waveform 
has a direct linear relationship to the 
duty cycle of the waveform. This is 
illustrated in fig. 1. 

Duty cycle is defined here as the 
ratio of pulse width (in units of time) to 
the time between the beginning of each 
pulse. In fig. 1, T1 is the pulse width, 
and T2 is the period (reciprocal of 
frequency) of the waveform. The pulses 
in fig. 1 have a peak amplitude of 10 
volts; therefore, when the duty cycle is 
0.2, the dc value of the waveform is 0.2 
times 10 volts, or 2 volts. In like man-
ner, when the duty cycle is 0.5, the dc 
value of the waveform is 5 volts, and 
when the duty cycle is 0.8, the dc value 
is 8 volts. A general expression for the 
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dc value of the waveform may be 
written as 

dc value I I 
T2 ( E J (1) 

where Ep is the peak amplitude of the 
pulse in volts. If T2 and Ep can be held 
constant, then the dc value will be 
directly proportional to T1, the pulse 
width. T2 can be held constant by 
making the pulse train have a constant 
frequency, and Ep can be made con-
stant by regulating the power supply 
voltage to the pulse-forming circuit. 

•nov Tl 
T2 

0 2 

- DC VALUE • 2 VOLTS 

4 10 V 

0 v. 

+ i o v 

-Tl-

• 72 -

— . 0.5 
T2 

DC VALUE • 5 lOtrS 

• Tl 

- DC VALUE • a VOLTS 

Tl 
TZ 

> 0.8 

fig. 1. Average dc value of pulse waveform 
varies linearly with duty cycle. 

This constant-vol tage requirement 
makes an ac-operated power supply pre-
ferable to battery operation. 

Now, if the width of the pulse (T1) 
can be made directly proportional to 
the value of the capacitor-under-test, 
the problem is solved. Fortunately, a 
monostable multivibrator (one-shot) can 
be designed so that its pulse width is 
d i r e c t l y proportional to its timing 
capacitor, and this completes the idea 
for the system. 

Fig. 2 shows a block diagram of how 
such a system may be built. The trigger 

source is simply a free-running pulse 
generator which has a constant fre-
quency and produces a narrow negative 
output pulse. Each time a trigger pulse 
occurs, the one-shot multivibrator initi-
ates an output pulse whose width is 
determined by the capacitor-under-test. 
The larger the capacitor, the wider the 
pulse. Since a dc meter reads the average 
value of the pulse waveform, the meter 
may be calibrated directly to read 
capacitance. Care must be taken, how-
ever, that the pulse width does not 
exceed the time between trigger pulses. 
Also, the frequency of the trigger source 
must be high enough to prevent jitter of 
the meter needle. 

circuit 
A complete schematic of the capaci-

tance meter is shown in fig. 3. The 
trigger source consists of a program-
mable unijunction transistor, Q1, an 
inverter-amplifier, Q2, and their associ-
ated components. There is nothing par-
ticularly critical about this part of the 
circuit, but the output trigger pulse at 
the collector of Q2 should have a fre-
quency pretty close to 500 Hz, and the 
pulse amplitude should be about 12 
volts (the power supply voltage). The 
pulse width of the trigger is about one 
microsecond in this circuit. Any trigger 
circuit which will provide this output 
may be used. 

A Signetics NE555V timer IC is used 
as the one-shot multivibrator. According 
to the data sheet, the output pulse 
width of this device is given by 

PW= 1.1RC (2) 

where PW is pulse width (the same as T1 
in eq. 1), R is the timing resistor (se-
lected by the range switch) and C is the 
capacitance-under-test. Substituting into 
eq. 1, 

dc value = 1.1 RCEE 

T2 (3) 

With the range switch in any one posi-
tion, all of the terms on the right-hand 
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side of eq. 3 are constant except C, the 
unknown capacitor; therefore, the dc 
value of the output voltage has a direct 
linear relationship to the capacitance 
being measured. 

The resistors associated with the 
range switch (1k through 10 meg) 
should have a tolerance of 5 percent or 

TRIGGER 
WAVEFORM 

fig. 2. Block diagram of the direct-reading 
capacitance meter. 

less. A 10k trimpot in series with the 
meter is used to make a one-time cali-
bration; once adjusted, it needs no fur-
ther attention. 

It was necessary to include a front 
panel zero-adjustment pot for the lower 
capacitance ranges. This is because the 
input capacitance of pins 6 and 7 of the 
NE555V and stray capacitance of cir-
cuit wiring is about 25 pF. This pro-
duces an output pulse even when there 

is no capacitor connected to the test 
terminals. Without the zero adjustment 
pot to buck out the voltage from this 
pulse, the meter will read 25 percent of 
full scale when the range switch is in the 
100 pF position with no capacitor con-
nected to the test terminals. 

The zero adjustment circuit must 
have a relatively low resistance so that 
variations in its setting will have no 
appreciable effect on calibration. Since 
the zero setting circuit consists of a 
470-ohm resistor and a 100-ohm pot in 
series across the 12-volt supply, it draws 
about 20 mA. This is another reason 
battery operation was ruled out. 

The simple zener-regulated power 
supply provides 12 volts at up to 50 mA 
when plugged into a 117-Vac line (see 
fig. 4). No power switch or pilot light 
was included because the instrument is 
plugged into the ac line only when it is 
in use. 

construction 

A 5x7x3-inch (12.7x17.8x7.6cm) 
aluminum box houses the capacitance 
meter very nicely. Most of the circuitry 
is mounted on a 31/2x3-inch (8.9x7.6cm) 
piece of perf board which is mounted 
directly to the meter terminals. The 
only important point in layout is to try 
to minimize the stray capacitance asso-

OUTPUT 
WAVEFORM 

JUT 
CONSTANT-
FRBOUENCY 
TRIGGER 
SOURCE 

fig. 3. Simple direct-reading capacitance meter covers zero to 1 JUF in five ranges, and 
uses easily available components. 
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ciated with the wiring to the range 
switch and test terminals. I used a Radio 
Shack two-terminal pushbutton strip 
(274-315) for the test terminals. The 
circuit ground should be connected to 
the aluminum box. 

The meter is a Radio Shack 0-1 
milliammeter (22-052) which has a scale 

m 

fig. 4. Simple power supply for the direct-
reading capacitance meter. 

length of about two inches. When the 
range switch is in the 100 pF position, 
the meter reads zero to 100 pF with 
minor scale divisions corresponding to 
2 pF. It is not difficult to resolve a 
change in capacitance of 1 pF on this 
range. 

Nearly all of the parts are available 
from Radio Shack. A notable exception 
is the 100-ohm zero adjustment pot, but 
any 100-ohm pot should work okay, 
and several are listed in the Allied Elec-
tronics catalog. 

calibration and operation 
Plug the ac power cord into the 

power line and set the range switch to 
100 pF. With no capacitor connected to 
the test terminals, adjust the zero knob 
for a meter reading of zero. Now con-
nect a 100 pF, 5 percent mica capacitor 
to the test terminals, and adjust the 10k 
calibration trimpot for a full-scale meter 
reading of 1.0 mA. This completes the 
calibration. 

Each time the range switch is set to a 
new position, it will be necessary to 
readjust the zero knob before the 

capacitor-under-test is connected to the 
test terminals. This is a bit inconvenient, 
but I judged it a reasonable tradeoff for 
the simplicity of the circuit. Most ohm-
meters require this type of operation. 

If desired, a two-pole range switch 
may be used, and the extra pole used to 
select one of five preset 100-ohm trim-
pots instead of the one 100-ohm pot I 
used. The five trimpots would then be 
adjusted for a zero meter reading on 
each range with no capacitor connected 
to the test terminals. This would sim-
plify operation by eliminating the front 
panel zero control but would increase 
complexity and cost. 

S i n ce ac is not app l i ed to the 
capacitor-under-test, polarized capaci-
tors may be tested, but care should be 
taken that the negative lead of the 
capacitor is connected to the grounded 
test terminal. 

table 1. Capacitance range of the direct-
reading capacitance meter. 

range switch capacitance 
resistor range 
10 meg O to 100 pF 
1 meg 0 to 1000 pF 

100.000 0 to 0.0 1 JUF 
10,000 0 to 0.1 (JLF 
1,000 O t o l . O j U F 

A n y attempts to modify the circuit 
so that it will measure capacitors larger 
than 1 (JiF should be done by lowering 
the trigger frequency. Resistors in the 
range switch circuit should not have a 
value of less than 1000 ohms. Table 1 
shows the capacitance range that may 
be measured with each range switch 
resistor. 

S ince the dc voltage across the 
capacitor-under-test reaches a value 
approximately two-thirds that of the 
power supply voltage, any capacitor to 
be measured should have a voltage rat-
ing of at least 8 volts. 
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keyboard 
morse code generator 

How to build a 

keyboard 

morse generator 

for effortless, 

high-speed CW g> 
o U) 
00 
ra 
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Talk about one-way people! Back in 
1971, Dick Vogler, K 7 K F A , and I < 
developed an Automatic Fist Follower 
(AFF ) 1 that was capable of translating S 
incoming Morse code and recording it -e 
with a strip printer. The machine imme-
diately increased my capability for copy- d 
ing Morse code by several factors, but left ^ 
my fist unaffected at about 30 wpm. This 5 
incongruity proved to be embarrassing, as £ 
a fast-fisted friend in Honolulu may well 5 
recall. o 

I had completed development of the ^ 
A F F and had tested its receipt of taped c 
code at up to 300 wpm. All I had to do £ 
to copy code was tune my receiver to o 

provide an 800 Hz beat note or so from a 
signal, lock onto the sender's fist by a 
quick setting of the adjustable rate con-
trol, and then set the machine to auto-
matic copy. From then on the machine 
would automatically track the incoming 
transmission, creating a printed tape 
similar to that of a stock market ticker. 

I was confident the machine could copy 
anyone on the air and must admit I 
entered the first live demonstration with 
the suppressed glee of a drag-strip driver 
who is carefully concealing a Corvette 
engine inside a stock Volkswagen chassis. 

I methodically monitored the airways, 
awaiting suitable game. Eventually I 
found two operators chewing the rag in 
the 55 wpm range and decided to toss out 
the bait. The conversation I broke into 
was between a KH6 in Honolulu and a 
W6 in California. 

Once I got the go-ahead I settled into 
an easy 20-wpm transmission, compli-
menting them on their fists. I then 
casually asked them how fast they could 
send. 

"How fast do you want to receive?" 
inquired the KH6. 

With appropriate confidence I again 
asked, "How fast can you send?" 

Obviously intending a quick brush-off, 
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the KH6 switched to his keyboard and 
sent me a burst at about 75 wpm. 

The A F F read him letter perfect, 
encouraging me to further bait him with, 
"Quite good, but please QRQ!" 

I knew his second burst at about 85 
wpm would be approaching his keyboard 
limit, so figured another QRQ would be 
the coupe de grace. The fellow was well 
prepared, however, shifting into third 
gear and sending me the next trans-
mission in excess of 100 wpm. This 
caught me quite by surprise and though 

At this point I disclosed my 'Vette 
engine and he admitted to the use of an 
automatic McElroy keyer. We then did a 
little more testing during which I success-
fully received him at 150 wpm, his limit 
since he had a dirty keyer head. Later 
that month, after he had cleaned the 
head, I copied him at 200 wpm and knew 
I had a going machine. 

Most people knew I had to be pulling a 
fast one, but only inbound, mind you. 
There were suspicions that I was taping 
the incoming CW, but even though my 

RATE 
OSCILLATOR 

CIRCUIT 

KEYBOARD 
ENABLE 

CIRCUIT 

KEYBOARD 
CIRCUIT 

fig. 1. Block diagram of the keyboard Morse code generator. Detailed block diagram of element 
storage and space generation is shown in fig. 3. 

my machine was experiencing no diffi-
culty, I began to have some doubts. 
Neither of us knew what was up the 
other's sleeve, but he must have known 
something was phony in Phoenix when I 
was receiving 100 wpm easily while strug-
gling to transmit 30 wpm. 

"Hey," I admonished, "You're not 
sending by keyboard or keyer, KH6." 

Came the equally perplexed reply, 
"Well you're not receiving by ear, either, 
buddy!" 

responses were relatively slow, they 
weren't delayed. "Very suspicious," they 
said. 

At this point I began an avid search for 
a CW keyboard. I was determined to 
increase my sending speed, if only to 
keep my AFF from developing egomania. 

CW keyboards 
Let's face it though, current commer-

cial CW keyboards are not a good answer 
in view of most amateurs' already over-
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fig. 3. Block diagram of the encoding, element storage and code-generation portions of the 
keyboard CW generator. 

extended hobby budgets. I had to find a 
solution which would satisfy my inherent 
stinginess as well as my compelling urge 
to "kluge," so I dug into my past issues 
of the various ham radio magazines and 
consulted my spare parts catalogs. I was 
convinced that I could build a better {and 
cheaper) CW keyboard. 

I discovered during my research that 
code typewriters have been in existence 
for more than a decade.* My first refer-
ence was an article by Paul Horowitz, 
W2QYW describing a keyboard design,1 

in which he noted earlier attempts by 
others,2-3 but he was probably the first 
to recognize the advantage of adapting 
surplus circuitry from the computer mar-
ket for this purpose. This market has 
expanded greatly since then and today 
offers not only rugged, low-power inte-
grated circuits, but also low-cost 
computer-related keyboards ideally suited 
for CW keyboard sending purposes. 

*The idea has undoubtedly been around a very 
long time, and attempts were made to put it 
into practice even before integrated circuits 
made it practical. Such a device, designed by an 
engineer/ham and using only relays, was dem-
onstrated in a relay manufacturer's booth at the 
National Electronics Conference in Chicago in 
the early 1950s, editor 

Another amateur-designed automatic 
Morse code generator, affectionately 
dubbed the "Button Box" by its de-
signer, W5VFZ, is no doubt familiar to 
many hams.5 W5VFZ, while apologizing 
in his article for his lack of crafting 
expertise, nevertheless constructed an 
ingenious device from plywood, micro-
switches and discrete circuitry. He also 
relied extensively upon computer surplus, 
adapting computer plug-in printed circuit 
boards containing NAND logic. His article 
included an "Introduction to Logic" that 
was quite informative for those not hav-
ing the benefit of education in this area. 
Most of the basic concepts he covered are 
still applicable today, even for the newer 
ICs. Another logic discussion, broader in 
nature and more up-to-date, appeared in a 
recent issue of ham radio.6 
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fig. 2. Morse Code element and spacing relation-
ships. IES indicates inter-element space; ICS 
indicates inter-character space. 

38 Q3 april 1975 
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LOGIC "O" T 

LOGIC "I " 

fig. 4. Character encoding logic. The simplified diode matrix shown 
here is only for letters A and N. For the complete diode matrix diagram 
see figs. 5 and 6. Shift registers are shown in fig. 7. 

theory of operation 

The Morse generator I developed con-
tains a keyboard with standard-usage 
alphanumeric characters and pro-signs 
(pre-programmed words or messages). 
Upon selection of a key, the generator's 
circuit provides automatic encoding and 
transmission of that key's corresponding 
code elements. To do this the generator 
must recognize each specific key depres-

sion and translate this recognition into 
corresponding Morse code elements 
according to standardized time relation-
ships. 

Morse code characters are, in fact, 
distinguishable by the time relationships 
of the two possible states of CW trans-
mission; mark or off. Standardized code 
relationships specify that a dot element is 
characterized by a mark-state of a single 
unit length and that a dash element be a 
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mark-state of three unit lengths. The off 
condition is used to specify separation of 
code elements, as well as separation of 
characters and words within a message. 
Specifically, as shown in fig. 2, a single 
unit space is used to separate elements 
within a character or pro-sign. Character 
separation is established by an off-state of 

The following description explains the 
timing control necessary for varying unit 
timing and describes the overall encoding 
and generation operations involved in 
transforming the key selections into auto-
matic code transmissions. This descrip-
tion is supported by the basic block 
diagram, fig. 1, and other supporting 
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fig. 5. Diode matrix for the 26 letters of the alphabet. Diodes are 1N914 or equivalent. Connections 
at right side go to shift registers shown in fig. 7. 

three units, and a seven-unit off-state 
indicates a separation between words. 

A single time unit does not specify any 
finite time period; instead it provides a 
time base upon which code elements and 
spaces can be distinguished. Single time 
units vary according to sending speed, but 
the relationships of elements and spaces 
to the unit length remain constant. Since 
I wanted to build a code generator with a 
flexible transmission rate, it was neces-
sary to build in the capability of varying 
the basic unit timing while retaining the 
code and space relationships. 

diagrams referenced through the remain-
ing text. 

As indicated in fig. 1, the code genera-
tor's operation can be considered in two 
basic parts. One part is the character 
encoding, which responds to a key selec-
tion by encoding it into the selected 
character's dot and dash elements. This is 
accomplished through a diode matrix that 
transfers the encoded element status to a 
storage area. Once stored, the elements 
are acted upon by the second part, the 
code-generation circuitry. 

The code-generation circuitry individ-
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ually examines the code elements in 
storage and then enables the keying con-
trol circuit until the mark-state has repre-
sented the detected element. Following 
each element transmission the circuit 
automatically disables the keying control 
for one time period to separate the 
completed element from the next. After 

number of code element combinations. 
Each position has a pair of flip-flops 
associated with it. During encoding the 
lowest-order flip-flop pair is loaded with 
the first element to be transmitted. 

If the encoded element for any 
specific code position is a dot, the dot 
flip-flop at that position of the register is 
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fig. 6. Diode matrix for numerals and special characters. Diodes are 1N914 or equivalent. 

all elements for the selected key have 
been examined and generated, the circuit 
again disables the keying control for three 
time units before allowing the next key 
selection to be processed. This provides 
the necessary inter-character spacing. 

character encoding 
As shown in fig. 1, two shift registers 

perform the holding function for those 
elements encoded by the diode matrix 
when a key has been pressed. This pair of 
registers — one for dot elements and one 
for dash elements — can be considered as 
a functional unit representing six element 
positions. Six positions are necessary to 
fully represent the largest possible 

set during the key depression. The dash 
flip-flop at the same position sets (and 
the dot flip-flop resets) if the element is a 
dash. Codes of less than six elements 
leave unused higher-order positions of the 
registers unfilled following the encoding. 
An unfilled position is indicated by both 
dot and dash flip-flops reset. 

Note, for example, the shaded posi-
tions in the shift registers shown in fig. 4. 
These positions represent the flip-flops 
that would be set following the encoding 
of the letter A. Beginning at the lower-
order position (one), the register could 
then be interpreted as containing the code 
for an A; a dot followed by a dash. The 
necessary inter-element spacing is not held 
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by the registers, but is supplied by the cir-
cuit during the actual code transmission. 

Fig. 4 provides a partial illustration of 
the diode matrix arid dot/dash shift 
registers used in the encoding operation. 

causes the F1H1 and F1T2 flip-flops to be 
dc cleared. Since position one of the 
registers is the first examined during code 
transmission, this correctly represents the 
code for an A - with the exception of 

OISHFT 

fig. 7. Dot-dash shift register receives inputs f rom diode matrices shown in figs. 5 and 
6. A l l ICS are Sylvania SF200. 

Only three of the six (total) flip-flop pairs 
and two of the possible key encodings are 
shown. Note that selection of an A 
permi t s the c lock-dr iven enable {do-
enb!) signal to assume a low level during 
each of the generator's clock pulses. This 
action causes the dc setting of flip-flops 
F1T1 <dot register, position one) and 
F1H2 (dash register, position two); it also 

the inter-element spacing, which is pro-
vided by the code generation circuit. 

code generation 
Following code storage the elements 

are sequentially shifted through the 
registers from the higher-order toward the 
lower-order positions. The lowest-order 
position (one) is examined after each 
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shift and the mark circuitry within the 
generator is enabled for the time period 
necessary to reflect the detected dot or 
dash element. Figs. 7 and 11 depict part of 
the logic necessary to shift elements from 

F 1 T I M A to the ac set input to F1TIMB, 
which forms a two-stage binary counter. 
This permits the flip-flops to count 
elapsed clock periods fed into F 1 T I M A 
and thus measures time durations when 

DASH 3 O 

DASH 2 O-

001 t O-

DASH 1 O 

DOT 1 O 

QOMARK BONULL 
SOOOTS (FIB. II) 
(no. in 

QOMARK aONULL 
GODASH (FI6II) 
(Fie. II) 

the register and to determine the correct 
mark period for the elements as they are 
examined at position one. 

The timing control of the mark period 
is established by flip-flops F 1 T I M A (time 
A) and F 1 T I M B (time B), shown in 
fig. 11, which are enabled for counting 
during each code transmission sequence. 
Counting is achieved by the cross-coupled 
connection from the 1 output of 

enabling the mark circuit. The mark 
circuit is enabled for one clock period to 
represent a dot element and for three 
clock periods to represent a dash element. 
During a code character generation the 
mark circuit is disabled for one clock 
period following the mark period and the 
counter is readied ( F1T IMA and F1T IMB 
cleared) in preparation for the next 
element. 
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The count versus TIMA/TIMB (time 
A/time B) table in fig. 11 indicates the 
state of flip-flops F1TIMA and F1TIMB 
when permitted to count for up to three 
clock periods. These states are monitored 
by gate G O M A R K (mark) and result in 
the enabling of either A N D gate input 
when counting is initialized. If counting 
begins with position one of the shift 

ENABLED BY CLOCK 
GONULL 

fig. 8. Mark enable logic. See fig. 11 for com-
plete logic diagram. 

registers containing a dot, the left A N D 
gate is enabled only during the first 
count. If counting began with a dash in 
position one, the right gate would be 
enabled for all three counts. Thus 
G O M A R K is enabled for one clock period 
if position one contains a dot and for 
three clock periods if position one 
contains a dash. G O M A R K , in turn, 
enables the keying-control circuit, estab-
lishing a mark state. 

Once a code element has been gener-
ated it is necessary to provide the neces-
sary inter-element spacing and to shift the 
register contents so that the next element 
is available at position one. Fig. 9 shows 
the simple three-gate arrangement neces-
sary to determine when it is time for 
shift/rig. If the element is a dot, the shift 

takes place on the clock pulse when 
F1TIMA is set and F1TIMB is clear, 
which would be the first clock pulse. 
Shifting for a dash takes place on the 
third clock pulse when both F1TIMA and 
F1TIMB are set. 

spacing control 
Inter-element and inter-character spaces 

are automatically inserted in the code 
transmission by the disabling of the 
generator's mark circuitry. This disabling 
occurs as the circuit detects end-of-
element and end-of-character conditions. 
An end-of-character condition occurs 
when the mark circuitry has been enabled 
for the required time to represent the 
detected element in position one of the 
registers. At this time a pulse is enabled 
to shift the next element to position one 
and to clear the time counter. One time 
period then elapses between the clock 
pulse that clears the time counter and the 
next one that resumes the counting, thus 
providing a disable for the mark circuit 
long enough to represent the space. 

Inter-character spacing is provided by 
a three-unit disable of the mark circuit. 
One of the time units is generated in the 
normal manner of a space following an 
end of element; however, detection of the 
end-of-character condition sets a flip-flop 
that causes the time period to be extend-
ed an additional two time units. This 
flip-flop, shown in fig. 10, is set when the 
shift pulse occurs to transfer the last 
element from the register and clears when 
the time counter detects a count of two. 
As indicated by the FOT2 (dot element 
position 2) and FOH2 (dash element posi-
tion 1) inputs to the set NAND gate in fig. 
10, the last element detection actually de-
tects when position two of the register is 
empty. This condition occurs when the 
one, which still has an element present. 
The flip-flop remains set, disabling the 
inputs to G O M A R K and, consequently, 
the mark circuit, until the NAND gate 
generating the flip-flop-clear signal is en-
abled. It is enabled by a clock pulse dur-
ing a count of two in the time counter 
when the registers are empty of elements. 
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The time counter is permitted to count 
for the three-unit period following a 
register empty period, but is then dis-
abled. At this time the keyboard is again 
enabled to accept a new character entry. 

automatic program sequencer 
The automatic program sequencer pro-

vides the capability for generating a pre-

fig. 9. Shift registers and clear 
counters (see fig. 11). 

determined message in response to a key 
selection. The unit that I built incorpo-
rated my call sign and CQ, but any 
message that suits your own needs can be 
substituted. The message content is deter-
mined by the wiring interconnection be-
tween the sequencer's decoder output 
and the generator's diode matrix encoder. 

The sequencer logic is constructed in 
10-character groups, with each group 
sequenced under the control of a pair of 
logic functions. The logic function pair 
consists of a four-bit binary counter, to 
sequence the character transmission, and 
a 1-of-10 decoder to enable the pre-
determined character-select lines for each 
step in the count. 

Each decoder output is connected to 
the appropriate character-select line in 
the diode matrix. As the count progresses 
in the binary counter the individual de-
coder outputs are sequentially enabled. 
During the time they are enabled they 
select a character line into the diode 
matrix, which encodes the character with 
dot/dash elements in the manner de-
scribed previously for the manual opera-
tion. Upon completion of a character, the 
binary counter is incremented to the next 

count, thus enabling the next sequential 
output character. 

The binary counter only progresses 
through ten counts since that is the limit 
of the decoder portion of the logic pair. 
At the end of ten counts the logic 
automatically steps to the next logic pair. 
This action continues until all logic pairs 
have been accessed, completing the mes-

rDOT DECODED 
FIT IMA SET 

r-FlTI MB CLEAR 
rCLOCX PULSE 

NAND 

SHIFT REGISTERS 
AND CLEAR TIME COUNTERS 

sage. The message can be prepared by 
depressing the sequencer key again, while 
holding the key down will provide contin-
uous message transmission. 

construction notes 
The entire generator was mounted on 

a single 41/zx17-inch (11.4x43.2cm) pre-
punched Vector board. Approximately 
two-thirds of the board was used for the 
diode matrix layout and the few IC chips 
of the sequencer. The keyboard was 
mounted on the breadboard at four 
corners of its base and covers the matrix 
area, with the base approximately a half-
inch (13-mm) above it. The other five 
inches (12.7 cm) of breadboard holds the 
remaining circuitry including the keying 
relay and connection jacks for the moni-
tor and power supply. 

I used a single 6-volt lantern battery to 
power the generator, although any supply 
capable of providing 800 milliamps at 6 
volts would be adequate. The battery was 
convenient (and inexpensive), and pro-
vided me with approximately a month's 
service if I remembered to disconnect 
it when I wasn't using the equipment. 
There was one lapse in my thoughtfulness 

EITHER GATE ENABLED (ALL 
INPUTS TRUE> ENABLES NAND 
BATE COMMON TO THEIR OUTPUTS, 
PROVIDING PULSE TO SHIFT 
REGISTERS AND CLEAR TIME 
COUNTERS 
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when I inadvertently hooked up a 48-volt 
supply to the jacks. This converted my 
integrated circuits to disintegrated cir-
cuits and leads me to make two sugges-
tions: First, provide a 6-volt zener at the 
input to serve as a shunt limiter; and 
second, use IC sockets if you can locate a 
reasonably inexpensive source. 

The keyboard, which cost only 
$14.00,* suited my application perfectly. 
As you can see from the photograph, it is 
of modular construction, with plug-in 
keys and filler spaces that can be posi-
tioned along five-row segments. Using the 

hole-per-inch breadboard since their pins 
are spaced at tenth-inch (2.5-mm) inter-
vals. I interconnected the ICs and discrete 
circuitry with 28-gauge wire, except for 
the power connections to the ICs which 
were made with 24-gauge wire. As you 
will note from the photograph, I stood 
the resistors, capacitors and diodes on 
end. This conserved some space and 
simplified their connections. 

conclusion 
In my previous article on the auto-

matic fist follower, I mentioned a note 

DISABLES 
MARK CIRCUITRY 

fig. 10. Space control logic (see fig. 11). 

plug-in keys and appropriate spaces you 
can arrange virtually any keyboard 
pattern you desire. I opted for the 
standard typewriter keyboard layout, 
complete with space bar, but with my 
special-purpose pro-sign keys added. I had 
to place my own labels over the keys 
assigned the pro-sign functions, since they 
are not usually-found options. 

The ICs plugged nicely into the ten-

*Tri-Tek, Inc., Post Office Box 14206, Dept. H. 
Phoenix, Arizona 85063. Packets containing 
schematics, logic drawings, parts lists, theory of 
operation are available from V M G Electronics, 
2138 W. Sunnyside Avenue, Phoenix, Arizona 
85029. A similar packet is also available for the 
Automatic Fist Follower. 

that I had placed over the machine and 
which I later used on a post card depict-
ing it. The note rather facetiously ques-
tioned; "Who needs to know CW?" I now 
have an answer - my code generator! For 
all practical purposes {except license 
exams), I could forget Morse code and 
not suffer. 

After several months of development 
and testing of the generator I discovered 
an interesting sidelight to the machine — I 
was, as expected, sending faster with the 
generator, but I was also receiving faster 
by ear. This may have been due to my 
intense involvement with Morse code 
during this period, but it led me to 
consider the potential use of a keyboard 
with a monitor for Morse code instruction. 

46 S3 april 1975 



U 3 . U 4 sylvania SG130 U8 Sylvania SG240 U 1 1 . U 1 4 Sylvania SG220 
U7 Sylvania SG70 U 1 7 . U 1 8 Sylvania SF200 

fig. 11. Logic diagram for the timing and keying control circuitry for the keyboard CW generator. 
Diodes are 1 N 9 1 4 unless marked otherwise. 

I had included a monitor with the 
generator since I did not intend to in-
clude a buffer to hold code while I was 
burst typing. This meant that I had to 
listen and await the completion of a 
character before enabling the next char-
acter. The machine locked out any char-
acters enabled while one was being trans-
mitted, so the potential existed of losing 
a character if I released a key prior to its 
acceptance by the logic. This characteris-
tic required only a small amount of 

practice for me to accommodate, and 
probably trained me to be a better typist 
since it required a rather even typing rate. 
I could adjust the generator to a rate near 
my typing limit and operate with little or 
no delay. 

During this period of acclimation I was 
forced to listen to near-perfect CW. Prior 
to development of the generator my 
comfortable CW transmission rate was a 
little over 15 wpm (with a somewhat 
"swinging" fist) and I could receive at 
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approximately 20 wpm. After the design 
and test period I found my speed had 
increased to approximately 30 wpm for 
both send and receive, with a capability 
of about 50 wpm in the burst mode. I 
also found when returning to my bug that 

The question is intriguing, but prob-
ably somewhat academic in view of my 
daughter's reaction to the entire affair. 
She observed my painstakingly contrived 
equipment that converted a touch of the 
finger to a coded message received by an 
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fig. 12. Automatic program sequencer for the keyboard CW generator. All capacitors are 0.0039 JUF, 
100-volts. Diodes are 1 N914 or equivalent. 

I had straightened out some of the 
undesirable "swing" from my fist. 

I then decided to use the generator to 
teach Morse code to my daughter, who 
was completely inexperienced in both 
code and typing. In a short time she was 
capable of sending and receiving all letters 
of the alphabet at a rate of 5 wpm, a rate 
required to pass the Novice license exam. 
This leads to an interesting question: 
Would a person knowledgeable of the 
rules for a Novice license qualify if he 
appeared with and operated this equip-
ment at the required rate? The rule 
specifically states that the person shall 
receive by ear, but an ear can be defined 
as a sense of hearing. Is the AFF not 
hearing the code when it translates it? 

electronic marvel translating it into print-
ed words. Her response? "Daddy, if you 
just want to see what you're typing, why 
didn't you just buy a typewriter?" 
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hex inverter 

vxo circuit 
Basic data for 

a variable-frequency 

crystal oscillator 

plus buffer 

covering 2-20 MHz -

all on one 

IC chip 

Recent experiments with TTL hex in-
verter ICs in variable-frequency crystal 
oscillator circuits (VXOs) have been 
quite favorable, even with simple cir-
cuits. The following text presents 
crystal data, circuit design using the 
Signetics N7404A (although its equiva-
lent may be substituted), and perform-
ance data on VXOs covering 2-20 MHz. 
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Simplicity, TTL compatibility, and 
modern design are emphasized. 

device data 

The following information is present-
ed courtesy of Signetics, Inc., for the 
benefit of readers who may not have 
access to data sheets for these devices. 
Each inverter in the 54/74 TTL series 
(plastic dual-inline package) has the 
absolute maximum ratings (in free air 
temperature) shown in table 1. Some of 
the features of this logic family are 
presented below. 

Logic definition. Logic is defined in 
terms of standard positive logic, in 
which low voltage is logical zero and 
high voltage is logical 1. Each input 
requires current into the input at a 
logical 1 voltage level. This current is 40 
/jA maximum for each emitter input. 

table 1. Device absolute m a x i m u m ratings. 

Supply voltage, VqC* 7V 
Input voltage, V j n * 5.5V 
Operating free-air temperature range: 
Series 74 circuits 0 ° C to 70 °C 

Storage temperature -65 ° C to 150° C 

•Voltage values are with respect to network 
ground terminal. 
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Three inverters are connected in 
series: pin 12 joins pin 11, pin 10 
connects to pin 9, and pin 8 is the 
output connection. A 200-ohm (linear-
izing) resistor is connected between pin 
13 and the junction of pins 11 and 12. 
A frequency-limiting capacitor, Cp, 
shunts this resistor. The crystal is con-
nected in series with an inductor and a 
variable capacitor between pin 13 and 
the junction of pins 9 and 10. Starting 
with pin 13, you should have first a 
variable capacitor, Cv, an inductor, Lv, 
the crystal, and finally a connection to 
pin 9. 

The N7404A circuit performs in 
somewhat the same way as the crystal 
impedance meter (CIM) described be-
low. The crystal is in series with two 
inverters, thus the circuit oscillates best 
when the crystal appears as a pure low 
resistance. The situation is similar to a 
dog biting its own tail: the two inverters 
are the dog (who bites harder the 
sharper his teeth and the stronger his 
bite). You guessed it. The crystal is 
his teeth. 

test crystals 

Table 2 lists the crystals used in the 
investigation. The parameters shown 
were measured on a crystal impedance 
meter, which is a special circuit that can 
tune the crystal to its series-resonant 

table 2. Crystal impedance meter data on selected test crystals. Crystals E and H are 
designed for third-overtone operation at 19.825 and 27.255 MHz. Crystal F is for fifth 
overtone at 33.825 MHz. Al l remaining crystals are fundamental mode. 

resonances (kHz) Co R Q 
source, type cut series 32 pF anti (pF ) (ohms) ( x l O 3 ) 

A Military FT-171-B B T 2219.179 2219.998 19.0 14 136.0 
B International Crystal HC6/U A T 2998.055 2999.159 3.6 22 92.0 
C International Crystal HC6/U A T 4998.433 5000.028 5.3 4 334.0 
D Keystone Electronics F T 243 B T 5997.536 5999.495 17.2 6 138.0 
E Military CR-9/U A T 6610.817 6612.788 5.5 40 27.0 
F Military CR24/U A T 6763.373 6764.408 5.5 30 68.0 
G International Crystal HC6/U A T 8996.75$ 8999.661 5.2 4 184.0 
H James Knight Co., channel 

23 HC6/U A T 9088.159 9089.804 3.8 40 33.0 
1 R C A HC6/U from fm receiver A T 11647.911 11654.463 10.2 3.5 82.0 
J International Crystal HC6/U A T 14986.986 14991.926 4.8 2 219.0 
K International Crystal HC6/U A T 19982.309 20000.020 6.2 2 59.0 

apr i l 1975 Q B 5 1 

fig, 1. Hex inverter V X O using the Signetics 
N7404A hex inverter IC. 

The switching characteristics of this IC 
family are typically 8 and 12 ns to 
logical zero and logical 1 voltage level, 
respectively. 

Clamping diodes. All devices in the 
Signetics 54/74 logic family incorporate 
input diodes. Each clamping diode will 
limit negative excursions at the input to 
1.5 V maximum below ground, even if 
-12 mA of current is drawn. 

vxo circuit description 

Three inverters are used per oscillator 
circuit (fig. 1). Two form the oscillator 
and the third is the output buffer. 
Positive 5 Vdc at 50 mA is connected to 
pin 14; negative is ground (pin 7). 



frequency. This is the frequency where 
the crystal appears to the circuit as a 
pure resistor of low value. When so 
adjusted, the crystal is switched out of 
the circuit and a resistor substituted for 
it. When the circuit amplitude equals 
that of the crystal, the resistor is said to 
be equal to the series resistance of the 
crystal, since the circuit can't tell if the 
resistor or the crystal is in its feedback 
loop. 

The antiresonant frequency is deter-
mined in the same way, except that a 
32-pF capacitor is now in series with the 
crystal. The value of C 0 in the table is 
the capacitance between the two pins 
that includes the holder capacitance as 
well as the interelectrode capacitance of 

table 3. Crystal frequency (kHz) in the circuit of fig. 1 
vs shunt capacitance, C p . L„ is 
circuited. 

zero and C v is short-

C P (pF) 0 .0 IS 100 4 7 0 

A 24399 .86 —bad— 2219.07 2218 .49 
B 8 9 2 4 . 6 1 2999.37 2 9 9 9 . 3 1 2999 .10 
C 4998 .30 4998.27 4997 .42 0.00 
D 5997 .27 5997.12 5995 .36 0.00 
E 19824 .41 6611 .33 6609 .33 0 .00 
F 20298 .39 6763 .76 6761 .99 0.00 
G 8 9 9 6 . 0 1 8995 .74 0 .00 0 .00 
H 9 0 8 9 . 7 1 9089.47 0.00 0.00 
1 11644 .59 11642.35 0.00 0 .00 
J 14986 .36 14984.60 0.00 0.00 
K 19978 .93 —bad— 0.00 0.00 

No te : Bad means an errat ic o u t p u t ; counter readings 
bore no re la t ionship to the crystal under test. 

the crystal. The value of Q was calculated 
from the above data by: 

O 

2 (Co + CXtC - tR 
f» 

LI • l/U CI 

0 * UL/R 

U • 27Tf 

fig. 2. Equivalent circuit of a quartz crystal. 
The capacitance c g is the static capacitance 
and is primarily a function of the electrodes 
sandwiching the quartz. C I , L I and R are the 
equivalent elements of the motional arm. 

C1 = 

L1 

2(C 0 + 32}(f32 - fR) 
fR 

1 
602C1 

Q = w L / R 

co = 2?rf 

Where f is the frequency and the other 
components are as shown in fig. 2. 

table 4. V X O frequency (kHz) as a function of circuit parameters. 

C P (pF) 15 15 15 15 15 15 
c v (pF) inf 1.0 2.0 7.8 25.5 100 
L v (MH) 0 0 0 0 0 0 

a 8995 .74 9011 .46 9009 .57 9004.17 8999 .71 8997 .13 
H 9089 .47 0 .00 9 0 9 9 . 6 6 9094 .98 9091 .70 9090 .11 
1 11642.35 11667.03 11665.98 11660 .70 11652.80 11646.09 
J 14984 .60 15010.24 15006 .96 14998 .28 14990.11 14986.25 
K 19932.75 20021 .41 20012 .50 20001 .67 

C P (pF) 15 15 I S 15 0.0 0.0 
Cv (pF) 7 .8 100 7.8 100 25.5 1.0 
l-v (/UH) 7 7 13 13 0 0 
G 9003 .08 8995 .33 9001 .92 8992 .33 8999 .93 9011 .16 
H 9094 .12 9089 .33 9093 .23 9087 .11 9091 .92 
1 11658.65 11635.35 11654 .20 11592 .61 11653.78 11666 .94 
J 14994 .34 14973.37 14992.02 15009.81 
K 19982.30 19992.39 20021 .24 

No te : A b lank space means a counter o u t p u t comp le te l y unrelated to the crystal — 
probab ly due t o noise. A similar react ion can be ob ta ined w i t h a small capaci tor 
replacing the crystal . (Counter was capable of coun t ing to 33 MHz.) 
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equivalent circuit 
The equivalent circuit for a crystal 

(fig. 2) is the parallel combination of CQ 

with the series string of R, C1 and L I . 
From this equivalent circuit it is now 
apparent that, at series resonance, the 
positive inductive reactance of LI is 

The N7404A is basically a high-
frequency device. To use it for low-
frequency service the high-frequency 
response must be inhibited by bypassing 
one of the inverters with a low-value 
capacitance. The effects of this are 
shown in table 3. Crystal A, you' l l note, 

table S. Circuit Q as a function of V X O shifting. 

with C y and no l_v 

cap 
(PF) 

1.0 
2.0 
4.0 
8.0 

16.0 
32.0 

100.0 

freq 
(kHz) 

9011 . 22 
9009 . 38 
9 0 0 7 . 0 3 
9004 . 39 
9 0 0 1 . 1 4 
8 9 9 9 . 1 4 
8997 . 56 
8 9 9 6 . 7 6 

Q 
(xlO 3 ) 

21.7 
28 .3 
49 .1 
61 . 3 

81 .8 
147.0 
147 .0 
184.0 

with C„ and L u 

1 3 JUH 

freq 
(kHz) 

9009 . 56 
9007 . 17 
9005 . 17 
9001 . 55 
8998 . 14 
8995 . 32 
8993 . 43 
8991 . 54 105 .0 

Q 
(xlO 3 ) 

19.4 
20 .4 
32.0 
49 .1 
73.6 
92 .0 
92 .0 

L v = 17 JUM 

freq 
(kHz) 

9007 .72 
9005 . 95 
9003 . 33 
8999 .79 
8 994 . 6 4 
8991 . 83 
8987 .69 
8983 . 92 

Q 
(xlO3) 

16.0 
27.3 
33.5 
40 .9 
54.5 
56.6 
53 .0 
64 .0 

C ry s t a l tested: f R = 8996 . 756 ; f 32 = 8999 . 661 ; C Q = 5.2 p F ; 
R = 4 .0 ohms 

table 6. AT-cut crystals are better than BT cut for V X O 
cations. Here are N7404A V X O data on two-meter crystals. 

series elements frequency shift from base point 
pacitance inductance A T cut B T c u t 

(pF) (MH) (kHz) (kHz) 

OO 13 - 7 . 2 7 1 - 2 . 7 7 4 

100 .0 13 - 5 . 7 1 5 - 1 . 7 7 1 
OO 7 - 5 . 3 0 7 -1 .324 

100.0 7 - 4 . 0 1 0 - 0 . 8 3 5 
OO 0 - 3 . 4 5 6 - 0 . 8 2 9 

100.0 0 - 2 . 3 5 2 - 0 . 5 2 4 
27.0 0 0.000 0 .000 (base po in t ) 

7.8 0 4 .327 0 .575 
2 .0 0 8 .954 0 .948 

appli-

Notes . ( - ) means Be low base po i n t . N o sign is 
above base po in t . A t base po i n t b o t h are 8 081 . 675 
k H z . O the r parameters are: 

cut Holder F32 (kHz) FR (kHz) R (ohms) C 0 (pF) 

B T F T - 2 4 3 8 081 . 6 49 8081 . 038 13 13 
A T H C 6 / U 8 0 8 1 . 7 0 3 8079 . 103 12 4.2 

exactly equal and opposite to the nega-
tive reactance of C I . The circuit is now 
only a resistor, R, and a capacitor, C 0 in 
parallel, since the resistance is very low, 
the crystal now appears as a low value 
resistor {since the few pF in CQ are 
swamped). 

doesn't behave itself until the inverter is 
shunted with 100 pF. With zero pF, 
crystal A took off on its eleventh 
overtone, which would be fine if we 
wanted it because it was very stable. 
Crystals E and F are overtone crystals 
by design: they are tamed to their 
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fundamental mode with only 15 pF. 
The rest of the table is self-explanatory 
and should be studied before applying 
the circuit to any particular crystal 
situation you have in mind. 

frequency shift 
It makes sense to V X O only the 

higher-frequency crystals, since they can 
be moved in meaningful and useful 
amounts without getting into instability 
problems. Table 4 shows the magnitude 
of frequency shift you can expect from 

frequency crystals, of course, can be 
shifted less. 

stability considerations 
The reason we use crystals to control 

frequencies is simply because they are 
stable, high-Q devices; and when you 
V X O them you pay for it through the 
loss in effective Q in the circuit. When 
the V X O act is carried to extremes, you 
no longer have a crystal in charge of the 
frequency, and the circuit promptly 
becomes an old LC deal with the usual 

table 7. Capacitor values calculated from calibration correlation 
for crystal impedance meter (CIM) and N 7 4 0 4 A circuits using 
CIM experimental data. 

experiment predicted correlated experiment 
capacitor capacitor frequency frequency 

(pF) CIM (pF) N 7 4 0 4 A (pF) (kHz) (KHz) 
1.0 1.40 1.26 9012.052 9011.123 
2.0 2.11 2.09 9009.916 9009.718 
4.0 3.90 3.80 9007.036 9007.145 
7.8 7.43 7.40 9004.005 9004.217 

32.0 32.70 33.8 8999.232 8999.181 
100.0 93.20 180.20 8997.574 8997.637 

oo - 7 0 5 . 0 0 - 1 7 8 . 0 0 8996.667 8996.531 
(0.44 fXH) (1.8 /UH) 

The other parameters are C o = 5.2 p F , R = 7.5 onms, and 
Q = 34,160. The correlation coefficient is 0.9996; the equation is: 

freq (kHz) = 8996.667 + 
95.388 
c n + c 

various crystals by changing the series 
reactances. The data for 1 pF are 
probably not within reach of most 
users, since a 100 pF variable will 
probably be used, and this low value is 
not obtainable. However, the data clear-
ly demonstrate the value of reduced 
stray capacitance, since most of the 
easy-to-get shift comes on the low capa-
citance side. To shift the frequency 
below the fR, the series-inductive react-
ance must predominate. 

Consider crystal J. Using an inductor 
of 7 ptH and a 100- to 2-pF variable, the 
possible frequency shift is about 25 kHz 
above, and 13 kHz below, series reso-
nance. With care you can V X O a 
15-MHz crystal about 50 kHz. Lower-

problems. So consider table 5 and be 
your own judge. A circuit Q of 20,000 
is good to stay above, but it is not the 
end of the fine. Vou trade a little, so if 
you are aware of what you are doing, 
you can get away with it under the right 
conditions. 

two-meter 8-MHz crystals 
There are two kinds of crystals avail-

able to amateurs, the BT and A T cut. 
The old surplus variety (still around) in 

the FT-243 holders is most likely BT 
cut. The A T cut crystal is better for 
VXOing. However it is more expensive 
and is the crystal most available today 
from most manufacturers. In many 
cases crystal suppliers won't even talk to 
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you about the antique BT cut. Table 6 
shows the amount of shift you can 
expect with two-meter 8-MHz crystals 
of both types. 

calculating frequency from 
series capacitance 

Here is a way to calculate the fre-
quency of a V X O from the series 
capacitance. The N7404A IC has almost 
the property of a series tuned circuit 
without the knob; maybe you noticed 
this when scanning the data tables. I 
decided to see how close it really was 
and made measurements of crystal-
capacitor combinations on both an 
honest series-resonant circuit and the 
N7404A circuit. The instruments used 
were a Radio Frequency Labs Model 
459A crystal impedance meter (CIM) 
and General Radio Model 1612AL capa-
citance meter. 

To get an easy-to-visualize table of 
comparison, I took the data obtained 
from both circuits and calculated a 
capacitor value from the correlation of 
reciprocal (CQ + C) vs frequency, which 
is a straight line for all crystals. The 
intercept is the series-resonant fre-
quency, and the slope is a function of 
the resonator cut, etc. 

The line for any crystal can be 
determined (as it turned out) by meas-
uring the crystal frequency in the 
N7404A circuit with two different capa-
citors in series, preferably one about 5 
pF and one not larger than 32 pF. Since 
each crystal, even with the same cut and 
frequency, will be an individual with its 
own slope, don't expect one line to 
work too well for other crystals. But the 
same performance can be expected, so it 
is a useful guide. Table 7 shows that it is 
reasonable to predict frequency from a 
capacitor with the N7404A circuit. Of 
interest to those of you with a counter: 
you can measure low-value capacitors 
with a calibrated crystal (two known 
points are all you need if you know CQ ; 
if not, you need three points). 
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general purpose 
wideband rf amplifier 

Design and construction 

of a two-stage, 

small-signal amplifier 

that may be used 

in the frequency range 

from 500 kHz 

to 500 MHz 

The basic building block of practically 
all electronic circuits is the amplifier. 
Each time a circuit is designed and 
breadboarded the amplifiers in that cir-
cuit must be designed, tested, trouble-
shot and, sometimes, redesigned. I have 
often thought that there had to be a 
better way. For many requirements the 
answer lies in the circuit described here. 
It is a standard gain block capable of 
operating from typical intermediate fre-
quencies to nearly 1 GHz. It is simple, 
inexpensive and amplifies without oscil-
lating! 

The design goals for this gain block 
were high gain, wide bandwidth, uncon-
ditionally stable operation, low noise 
figure, simple construction and low 
cost. It is not possible, however, to 
obtain state-of-the-art performance in 
all these categories in one amplifier. 
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What is achieved with the circuit in fig. 
1 is a good compromise. The amplifier 
will perform well as an rf amplifier, i-f 
amplifier or general purpose preamp. 

transistor selection 
The selection of transistors is very 

important in high performance ampli-
fiers. The 2N5T79 transistor used in this 
amplifier provides high gain, large band-
width and low cost. A t 150 MHz a 
typical device will provide nearly 14 dB 
gain when inserted in a 50-ohm trans-
mission line with no tuned circuits on 
the input or output. Stability at this 
heavy loading is guaranteed. The noise 
figure for this device, with optimum 
source resistance, is about 3 dB at 150 
MHz. The 2N5179 sells for $0.77 in 
small quantities. For further informa-
tion see reference 1. 

circuit 
The amplifier circuit is a two-stage, 

capacitively-coupI ed, common-emitter 
cascade. The collector-base feedback 
resistors are key elements in this circuit. 
They provide a simple means of bias, 
reduce gain at low frequencies to 
stabilize the circuit, and lower both the 
input and output impedance of the 
amplifier. A lot of work for two resis-
tors! Capacitor C3 decouples each stage 
and R5 and C5 decouple the amplifier 
from the supply line. 

The 2N5179 transistors have a rather 
wide specification in dc current gain 
(beta). With the simple bias network 
used in the circuit the bias point may 
therefore vary from transistor to tran-
sistor, and you may f ind it necessary to 
adjust R5 so that the voltage drop 
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across R2 and R4 is 3 to 4 volts, each. 
This corresponds to about 8 mA col-
lector current. This operating current is 
a compromise, with higher currents giv-
ing increased gain-bandwidth and lower 
currents providing improved noise 
figure. 

The capacitors in the circuit cause 
the low-frequency gain to begin drop-
ping off below about 2 MHz. Increasing 
these capacitors to 0.01 [if will lower 
the frequency response to about 200 
kHz. It might be possible to use the 
amplifier at even lower frequencies by 
using larger values of capacitance, but I 
have not investigated the stability of the 
amplifier when doing this. 

20 mA 

fig. 1. Schematic diagram of the wideband rf 

and i-f amplifier. T o lower the frequency 

response to 200 kHz, increase the value of all 

capacitors to 0.01 fJF. A l l resistors are V« watt, 

all capacitors are ceramic disc. 

construction 
Mount the transistors close to the PC 

board, fig. 2, to keep the emitter leads 
very short. Be sure to ground the tran-
sistor case (fourth lead). This reduces 
unwanted capacitive coupling between 
transistor elements. If the PC board isn't 
used keep all leads as short as possible. 
In one breadboard I used no terminals, 
soldering each component to the next 
with very short leads. The result was a 
circuit just over one-inch (25mm) 
square. 

A full-size printed-circuit layout is 
shown in fig. 3. Connectors may be 

fig. 2. Printed-circuit component layout for 

the wideband rf amplifier. Full-size printed-

circuit layout is provided in fig. 3. 

soldered onto the board with short wire 
jumpers for the center conductor. Extra 
holes in the board are for these jumpers 
and for the +15 volt supply line. Coaxial 
input and output lines may be soldered 
directly onto the board if desired. 

performance 
The gain of the amplifier vs fre-

quency is plotted in fig. 4. It is essential-
ly the same for 50 or 75 ohms input and 
output loading. The measured input 
impedance is about 65 ohms from 500 
kHz to 500 MHz with only a small series 
reactance. The output impedance is 
around 100 ohms series resistance with 
some reactance. The gain of fig. 4 is 
with 50 or 75 ohms driving and load 
impedance, there being little difference 
between the two. The maximum output 
level will vary some from amplifier to 

flg. 3. Full-size printed-circuit layout for the 

Wideband amplifier. 
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t t t l - f i 6M ZU 220 MHz 45O MHz 
FREQUENCY (MHz) 

fig. 4. Frequency vs gain of the wideband rf and i-f amplifier shown in fig. 1. Circuit provides 
useable gain to 500 MHz and above. 

amplifier because of small variations in 
transistor biasing. A typical value of 
maximum output level for 1 dB gain 
reduction is 300 mV. 

The gain of this circuit should be 
treated w i th respect. When making con-
nections to the board, keep the input 
and output leads separated. The two 
stages are identical so if the total gain 
isn't needed, connect only one stage and 
adjust resistor R5 for 3 to 4 volts drop 
across R2. I have built several of these 
amplifiers and none have oscillated, 
even wi th the input open, but it is a 
good idea to use a little caution. 

tuned amplifier 
Unless the amplifier wi l l be used 

specifically as a broadband amplif ier, 
tuned input and outputs should be used. 
This wi l l reduce the possibility of un-
desired signals overloading the amplifier 
and wi l l provide the desired bandpass 
characteristics. Since the input and out-

put are closely matched to 50- or 75-
ohm systems the tuned circuits are used 
only to shape the frequency response. 

The Q of a tuned circuit is a measure 
of its 3 dB bandwidth. Consider the 
tuned circuit in fig. 5. The two 50-ohm 
resistors represent the generator resis-
tance driving the amplifier and the 
amplifier input resistance. The total 
parallel loading, R, of the tuned circuit 
in fig. 5 is 25 ohms. The loaded Q is 
given by 

where X is the reactance of the inductor 
or capacitor at resonance. This is ap-

GENERATOR OR> 
ANTENNA < 3 0 

RESISTANCE 
,1230 

)S nH 
}SHORT 
) PIECE OF 
)wme 

AMPLIFIER 
SO INPUT 

RESISTANCE 

r h rtr rtr ffl 

fig. 5. Model of an input tuned circuit for the 
wideband rf and i-f amplifier (see text). 
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proximately true if the loaded Q given 
above is lower than about one-tenth the 
Q of the inductor or capacitor. The Q of 
the circuit with no external loading is 
the unloaded Q. It is desirable to make 
the unloaded Q as much greater than 
the loaded Q as possible. In practice this 
means higher Q coils and wider loaded 

To tune the circuit either the capaci-
tor or inductor may be made variable. 
At high or low frequencies it might be 
difficult to obtain the proper reactance 
with reasonable values of L and C. In 
this case the inductor may be tapped or 
a capacitive divider may be used to 
increase the effective resistance of the 

Complete wideband amplifier, shown here almost twice full size, is built on a 1.75x1.25" 
(4Sx32mm) printed-circuit board. In this view transistor Q1 is at left rear, Q2 to the right. 

bandwidths. Narrowband tuned circuits 
with low quality coils or capacitors 
mean high loss in the tuned circuit. For 
further information on this subject see 
reference 2. 

The resonant frequency of the tuned 
circuit in fig. 5 is 50 MHz. The react-
ance of the inductor at resonance is 250 
ohms, so the loaded Q is 10. The 3 dB 
bandwidth is given by 

BW Q, loaded 

and in this case is equal to 5 MHz. Since 
the inductor and capacitor should have 
an unloaded Q of at least ten times the 
loaded Q, it should be at least 100 for 
this case. 

load. (For further reading on this sub-
ject see pages 160 and 161 of reference 
2.) 

Adequate space is left at the input 
and output of the circuit board for 
compact tuned circuits. The coils at the 
input and output should be placed at 
right angles to avoid feedback caused by 
mutual coupling. Better still, the use of 
toroids will eliminate this problem and 
provide compact coils. 

references 
1. The Semiconductor Data Library, Volume 
/ / , Second Edition, Motorola Semiconductor 
Products, Inc., Phoenix, Arizona, 1973. 
2. The Radio Amateur's Handbook, 50th 
Edition, American Radio Relay League, New-
ington, Connecticut, 1973, page 41. 
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single i-f frequency. The structure of the 
monolithic crystal filter design provides 
high stability, reliability and excellent 
selectivity. Thus the single-conversion i-f 
can be made relatively high so that 

incorporated in the single-frequency i-f 
system shown in fig. 1. 

The non-monolithic crystal filter 
with which most amateurs are familiar 
contains numerous discrete inductors. 

fig. 3. T h e G E Master It commercia l vhf 1m radio uses a single-conversion receiver 
(photo courtesy General E lectr ic) . 

image response is reduced, just as it is in 
dual-conversion receivers with high in-
termediate frequencies. High-gain per-
formance is obtained by the unique 
arrangement of filter and gain blocks 

resistors and capacitors in addition to 
the crystal. These components are used 
primarily for coupling, but they must be 
mounted and then carefully aligned. 
The monolithic crystal filter, however, 
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incorporates coupling as an inherent 
part of the quartz assembly (accom-
plished by placement of electrodes). 
The electrodes provide coupling and a 
means of converting an electrical signal 

frequency limit for design of such filters 
to accommodate a 15-kHz bandwidth is 
approximately 5 MHz. At the opposite 
end of the spectrum the practical limit 
at today's state of the art falls in the 25-

FROM FET 
I-FAMP 

O — ^ j i fWVj ^ 

m 

fig. 4. IC i-f amplifier with monolithic crystal filters at the 
input and output. 

at the input to a self-resonant vibration 
of acoustic energy through the crystal-
line material. Acoustic energy is con-
verted back to electric signal at a reso-
nant output converter. Selectivity and 
coupling are controlled by the electrode 
geometry of the quartz blank. 

Pairs and other groupings of these 
basic monolithic crystal filters can be 
assembled in modules and used to form 
higher-order filters. Presently the low-

to 30-MHz range. (Although monolithic 
crystals have been made to operate to 
near 200 MHz, the cost is extravagant.} 

Integrated circuits fit in ideally with 
the use of monolithic crystal filters. An 
integrated-circuit gain block can provide 
high stability with 60-dB gain and pro-
vide adequate performance up to 20 
MHz or so with no instability and 
regeneration problems in sensible de-
signs. Note that a single-conversion gain 

A-M INPUT 

SlN / TRIANG 
OUTPUT 

MULTIPLIER 
OUTPUT 

TIMING 
CAPACI TOR 

TIMING 
RESISTORS 

fig. 5. The Exar 2206C function-generator IC. 
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of 140 dB can be obtained with the use 
of three crystal filters and three IC gain 
blocks. The staggering of crystal fre-
quencies and the alternate gain-loss plan 
provide a high-gain overall bandwidth 
with low noise content. 

Keeping the noise figure down in the 
i-f section minimizes the requirement 
for receiver front-end gain. As an aid in 
this objective the first amplifier of the 
i-f amplifier can be a field-effect 
transistor. 

In practical vhf/uhf single-conversion 
operation a good i-f choice would be in 
the 10- to 12-MHz range. This matches 
well the standard 10.7-MHz i-f. When 
using a much higher i-f there may be 
problems wi th low-order spurious com-
ponents, especially if the receiver is to 
operate over the 25- to 60-MHz range. 
At lower intermediate frequencies there 
is an additional cost factor and the 
5-MHz limit of present monolithic 
crystal-filter science. 

A simplified schematic of the mixer 
and first i-f amplifier is shown in fig. 2. 
The vhf signal from the antenna is 
applied to a matching input transformer 
and then to a five-section helical pre-
selector that sets the rf selectivity of the 
receiver. The output of the preselector 
is applied to the gate of an fet mixer. 
Local-oscillator power is injected to the 
source of the fet. 

IOk 
• W r 

1 4 II 

3 
U 1 

14 

5 XR -2206C 13 

2 
'12 16 15 10 

SQUARE WAVE 
OUTPUT 

O 

SINE /TRIANGLE 
OUTPUT 

fig. 6. Simple sinusoidal generator using the 
X R - 2 2 0 6 C IC provides sine, triangle or 
square-wave outputs. Switch SI must be 
closed for sine output. 

The drain output is linked to the 
input of the first monolithic crystal 
filter. An LC network does the appro-
priate matching to the four-pole fi lter. 
A second network matches the output 

iff 

GAIN 
100* 30* 

^ 5 Ik 

U1 

XR-2206C 

m 
- f 

I 

!VF 

<200 

FSK OUTPUT 

f l ' 1/R1C 

fS • I/R2C 

J " —' f2 

fig. 7. Simple FSK generator using the XR-
2206C function-generator IC. Mark ( f l ) and 
space (f2) frequencies are given by the equa-
tions. The keying input is applied to pin 9. 

of the crystal filter to the input of the 
i-f ampl if ier. The intermediate frequency 
is 11.2 MHz and i-f gain is 20 dB. 

The first i-f amplifier is followed by a 
second crystal fi lter along with the 
input and output impedance-matching 
networks, fig. 4. This is followed by an 
IC i-f amplifier wi th a gain of 60 dB. 
The integrated circuit is similar to the 
RCA CA3014 wideband amplifier IC. 
No age system is required. Dynamic 
signal range, freedom from significant 
intermodulation distortion components 
and limiting action down to minimum 
signal level eliminate this circuit 
function. 

function generator 
In the October, 1972, column the 

Exar 205 and S200 function generators 
were introduced. These integrated-
circuit generators can form a number of 
basic sine, ramp and pulse waveforms. 
Generated waveforms can also be ampli-
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fig. 8. Pulse and sawtooth generator using the 
XR-2206C function-generator IC. 

tude or frequency modulated. Exar now 
makes a low-cost generator, the Exar-
2206C, shown in fig. 5. Similar to the 
previous function-generator ICs, it com-
prises four function blocks — voltage-
controlled oscillator, multiplier and 
shaper, buffer amplifier, and current 
switches. The upper frequency limit is 
about 1 MHz, less than the previous 
devices. However, the device has greater 
stability with temperature change and 

can be swept over a larger frequency 
range. 

As with the previous devices, only a 
few external components are needed. A 
sinewave generator, fig. 6, can be adjust-
ed to provide a pulse, sinusoidal or 
triangle wave output. The output fre-
quency is determined by the value of 
the capacitor connected between pins 5 
and 6 and the resistance connected 
between pin 7 and common. The output 
level is set by the gain control while the 
offset dc voltage at pin 2 can be 
adjusted with the 25k offset potentio-
meter connected to pin 3. 

To obtain a sinewave output with 
minimum harmonic content switch S1 
must be closed. Potentiometers R A and 
R b are then adjusted for minimum 
distortion in the sinewave output. The 
output frequency is given by 

f = t / R C 

where R is the approximately 2 meg-
ohms from pin 7 to ground, and C is 
connected between pins 5 and 6. 

fig. 9.. A 2S-watt amplifier for 225 MHz which requires 100 mW of driwe. Complete circuit of this 
unit is shown in fig. 10 (photo courtesy Amperex). 
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A frequency-modulated output can 
be obtained by applying a modulating 
wave to either pin 7 or pin 8. Amplitude 
modulation is obtained by applying the 
modulating wave to pin 1. 

The device can also be used as a 

vhf power amplifier 

Amperex has announced a 25-watt, 
225-MHz power amplifier module de-
signed for fm circuits, fig. 9. This 
module uses the 2.5-, 8- and 25-watt 

25 WATTS 
BLY89A IBnH _ OUTPUT 

BLX6 7 

BLY87A 23„H 

HZ.5V0C 

fig. 10. Three-stage solid-state 25-watt power amplifier for 225 M H z (see fig. 9). 

simple F S K generator using the circuit 
of fig. 7. In this case the mark and space 
frequencies are determined by resistors 
R1 and R2. The actual F S K keying 
waveform is applied to pin 9. The mark 
and space frequencies (f1 and f2) are 
given by 

f1 = 1/R1C 
f2 = 1/R2C 

A circuit for using the 2206C as a 
pulse and sawtooth generator is shown 
in fig. 8. In this mode pin 9 is shorted to 
the squarewave output at pin 11. The 
ramp rise and fall times or pulse duty 
cycle are regulated with resistors R1 and 
R2. The pulse width and duty cycle can 
be adjusted from 1% to 9 9 % by proper 
selection of values for resistors R1 and 
R2 as given by 

duty c y c l e = R 1 + R 2 

Amperex semiconductors shown in the 
schematic diagram of fig. 10 and fea-
tures 50-ohm input and output. With a 
100-mW input signal, the module will 
deliver 25-watts output. The circuit is 
straightforward, using four capacitive 
dividers for input, output and interstage 
matching. The collectors are shunt-fed 
and three decoupling networks avoid 
self-oscillation. The amplifier can with-
stand an output mismatch as high as 
50:1 without harm. 

metric tapes 

Some months ago I mentioned the 
convenience of a metric tape for calcu-
lating antenna and transmission-line 
lengths. Steel tapes with lengths up to 
100 meters can be purchased from 
Forestry Suppliers, Box 8397, Jackson, 
Mississippi 39204. Standard lengths of 
3, 20, 30, 50 and 100 meters are 
available. Some models are calibrated in 
feet and inches as well. 

ham radio 
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more power from the 
Standard 826M 

Recently I offered to change the 
final transistor in a Standard 826M for a 
R T T Y enthusiast friend. The output 
stage had "passed on," not from acci-
dental abuse, but from overwork. Duty 
cycle or not, 40 minutes of R T T Y was a 
normal day's work, before breakfast! 

When I received the unit and instruc-
tion manual, I began to study the 
schematic. Companies such as Standard, 
that also produce marine and commer-
cial land mobile gear, tune the slugs a 
little further into the coils and call the 
set an amateur radio. This is good in 
many respects. It not only assures that 
the design is fairly sound; it also lends 
itself to the plagiarizing of features from 
one model to another. 

The case in point is the power 
selector system. This feature was origi-
nally designed into the marine units by 
F C C directive. Marine vhf sets must 
have a power selector system which will 
select either full power out or slightly 
less than 1 watt out for inner harbor 
communication. When this feature was 
incorporated into the amateur line, it 
was labeled as a "battery-saver circuit." 

The circuitry is similar to the tune/ 
operate switch in older tube and hybrid 
radios which reduces power output dur-
ing tuneup. In the Standard, the power 
selector switch inserts a resistor in the 

tebook 
collector line of the final and predriver. 
Changing the value of this resistor, 
within reason, makes changing the 
power output and increasing the duty 
cycle easy. 

My decision on what level of power 
output to allow was hampered by sev-
eral obvious and other, not-so-obvious, 
constraints. First, physical constraints: 
as the allowed power rises, the value of 
dropping resistor increases in size due to 
the higher power dissipation. Second, 
electrical limitations: the wire connect-
ing the dropping resistor to the front 
panel switch is not suitable for more 
than several hundred milliamperes. 

After some bench and field tests, an 
output of 2 to 3 watts in the low power 
position was found to be a satisfactory 
level. By Ohm's law, decreasing the 
resistor by a factor of two doubles the 
current and power output. In the Stand-
ard 826M the original resistor value of 
R005 is 22 ohms. The same value is 
used in the 806M; in the newer 826MA, 
the value of R363 was reduced to 15 
ohms (consult individual instruction 
manual for value and position). 

The resistor will probably be located 
across the two 9-pin test jacks on the 
rear of the chassis or on the transmitter 
board between the chassis wall and 
output transistor heatsink. A word of 
caution when working around the final 
area: take care not to deform the 
air-wound coils; sometimes they don't 
bend back. I know from experience! 

Simply halving the present value will 
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produce a 2-watt output. Reducing the 
value slightly again will bring this to 3 
watts. Reducing the resistance below 
this will increase the heat dissipation of 
the resistor to too great a value. The 
replacement resistor should be a Brown 
Devil or similar type, with a 12 watt, or 
slightly higher, rating. Mount the re-
placement in exactly the same fashion 
as the original unit. 

This small modification adds much 
to the versatility of the 826. First, it 
provided the longer duty cycle original-
ly sought. Second, some of the new 
2-meter bricks need only 2 to 3 watts in 
to give 40 or more watts out. This 
means a selectable power of 2, 10 or 40 
watts. Third, the power output stability 
and thermal characteristics of the final 
device are greatly increased, even in 
key-down sessions that last 45 minutes. 

Although this article has discussed 
only the Standard line, examination of 
any 2-meter rig with a low-power switch 
will produce the same findings. Again, 
don't shoot for more than 3 watts at the 
low power setting. It can be done, but 
not without pulling heavier wires. And 
watch out for those air-wound coils. 

John Pakusich, WB6KVF 

open filament pins 
on power tubes 

During a recent operating session, it 
suddenly appeared that my 3-500Z had 
died, with an apparent open filament. I 
replaced it with an elderly 4-400A, kept 
for emergencies, and let a few choice 
words out. 

Close examination of the 3-500Z was 
puzzling, since the filament appeared 
intact. A check with an ohmmeter indi-
cated continuity. Since the 4-400A re-
placement was working fine, the fila-
ment transformer was above suspicion. 

A close look at the filament pins of 
the 3-500Z, however, lead to the solu-
tion. One of the two pins appeared to 

have lost its solder. The other seemed 
okay. The bad pin was heated with a 
40-watt iron and removed from the 
heavy filament lead. The filament lead 
was cleaned and scraped and then the 
pin was fitted back over it and re-
soldered. The tube has been successfully 
restored to full service. 

The solder connection was probably 
not too good to start with, and the 
heavy starting surge current undoubt-
edly caused the connection to deterio-
rate further. Since discovering this 
malady I have been advised of the same 
problem with a 4-1000A, and I later 
saved another 3-500Z from becoming a 
lamp base. If that expensive tube in 
your final amplifier quits, be sure to 
check the solder connections to the 
filament pins before consigning it to the 
trash can. 

Bob Locher, W9KNI 

short circuit 
In the circuit for the regulated solid-

state high-voltage power supply describ-
ed in the January, 1975, issue (fig. 1, 
page 42), the 18k resistor connected be-
tween pin 2 and the8.55k resistor should 
be connected to pin 12; the 8-55k resis-
tor should be connected between pins 2 
and 12 as shown below. Also, the 0.33 

- 2 5 - VOLT 
FLOATING 
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/iF capacitors connected from the sec-
ondary of transformer T3 to ground 
should be rated at 600 volts. 
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Heath SB-104 series 
The new SB-104 series of equipment 

from Heathkit is one of the most ad-
vanced designs in amateur radio today 
and includes such features as digital 
readout, all solid-state circuitry, and 
broadband rf design. Key units of equip-
ment in the new Heath line are the 
SB-104 five-band transceiver, SB-644 re-
mote vfo, SB-634 station console, 
SB-614 station monitor and SB-230 
conduction-cooled kilowatt linear. 

transceiver 
The new SB-104 ssb and CW trans-

ceiver is completely solid-state from 
front end to rf output and runs a cool 
100 watts output. The four final transis-
tors are completely protected against 
high vswr and thermal runaway so there 
is practically no danger of damaging 
them in normal operation. The Heath 
Company is so sure of the design, in fact, 
that they have placed a one-year war-
ranty on the rf output board and final 
transistors. Since all of the rf circuits of 
the SB-104 are broadband, you can 
move instantly from one end of the band 
to the other, or from band to band; there 
is no need to adjust any preselector, 
drive, load or turn controls — just choose 

the band you want, dial in your opera-
ting frequency, and go on the air. 

The digital dial of the SB-104 pro-
vides direct 6-digit readout of your 
operating frequency with 100-Hz resolu-
tion on all bands. And, unlike some 
digital readout systems that actually 
read only the vfo frequency (and inter-
pret the output frequency), the digital 
dial in the SB-104 accounts for the vfo, 
bfo and high-frequency oscillator 
signals. With this arrangement there is 
no need for a frequency calibrator. 

The large spinner dial provides about 
30 kHz per revolution, a rate that seems 
ideal for all types of operating habits. 
Of course, the 100-Hz accuracy of the 
digital dial means that when you want 
to be on a certain frequency, that's 
where you'll be. If you only need 1-kHz 
accuracy, the last, 100-Hz digit can be 
turned off with a front-panel switch. 

Although the final amplifier of the 
SB-104 is rated at 100 watts output (ssb 
or CW), for QRP operation the output 
can be instantly switched to one-watt 
with a front-panel pushbutton. The car-
rier and unwanted sideband are sup-
pressed 55 dB, harmonic radiation is 
down 45 dB, spurious radiation within 
±3 MHz of the carrier is down 50 dB or 
more, and third-order intermodulation 
distortion is 30 dB down from two-tone 
output. 

The broadband receiver has been de-
signed for minimum cross-modulation 
and intermodulation distortion products 
— important aspects on today's crowded 
amateur bands. Adjacent signal overload 
is negligible with the SB-104 yet sensi-
tivity on all bands is 1 £iV or better for 
10 dB signal-pfus-noise-to-noise ratio. 
Selectivity is 2.1 kHz minimum at 6 dB 
down and 5 kHz maximum at 60 dB 
down (2:1 shape factor). With the acces-
sory 400-Hz CW filter, selectivity is 400 
Hzat6dB down and2 kHz maximum,at 
60 dB down. Audio output is rated at 
2.5 watts into 4 ohms at less than 10% 
THD (1 /iV input signal provides 0.5 
watt audio output). Age is switch select-
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able for release times of 100 jus or 1 
millisecond; attack time is less than 1 
millisecond. 

Front panel controls include age 
(fast, slow, off) audio and rf gain, main 
tuning, mic/CW level, vox gain, vox 
delay and bandswitch. Pushbutton 
switches are used to control vox, noise 
blanking, mode, tune, high/low power, 

designed for use with a 13.8-volt dc 
power supply so it is a natural for mobile 
operation. Current drain is 2 amps on 
receive and 20 amps on transmit (3 
amps when switched to low power). The 
HP-1144 fixed-station power supply 
($89.95) provides the necessary voltages 
from 120/240 Vac lines. Other acces-
sories for the SB-104 include the 

and metering. On the rear panel are 
controls for vox anti-trip and sidetone 
level. Rear panel connections are pro-
vided for phone patch, auxiliary audio 
output, speaker, key, ale, external vfo, 
i-f output and separate receive and 
transmit antennas. 

The more than 2800 parts used in 
the SB-104 transceiver are mounted on 
15 separate printed-circuit boards for 
easy assembly and test. Eleven of the 
boards plug-in and seven of these may 
be extended out of the chassis for 
adjustment or troubleshooting while the 
transceiver is operating. Two large wir-
ing harnesses eliminate 95% of the 
point-to-point wiring in the SB-104. 
Total construction time is about 50 
hours. Alignment of the completed 
transceiver is fast and simple, requiring 
only a dummy load, microphone and 
vtvm. 

The SB-104, priced at $699.95, is 

SB-604 station speaker ($29.95) SBA-
104-1 noise blanker ($24.95), SB A-
104-2 mobile mount ($34.95), and 
SBA104-3 400-Hz CW filter ($34.95). 

remote vfo 
The SB-644 remote vfo ($119.95) 

was designed specifically for the SB-104 
transceiver and provides serious DXers 
w i t h complete split transmit/receive 
capability. The transceiver vfo can be at 
one end of the band while the remote 
vfo is at the other. Furthermore, the 
system is designed for transceive opera-
tion on the remote vfo or internal trans-
ceiver vfo, transmit on the SB-104 and 
receive on the remote, or receive on the 
SB-104 vfo and transmit on the remote. 
There are also provisions for two crys-
tals in the SB-644 for fixed-frequency 
control. 

Although the linear dial on the front 
panel of the SB-644 remote vfo places 
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The 
"STANDARD" 
by Heights 
Light, 
permanently 
beautiful 
ALUMINUM 
towers 

THE MOST 
IMPORTANT 
FEATURE OF 
YOUR ANTENNA 
IS PUTTING 
IT UP WHERE 
IT CAN DO 
WHAT YOU 
EXPECT. 
RELIABLE DX — 
SIGNALS EARLIEST IN 

ALUMINUM 
Self-Supporting 
Epy; ?jtp.-' Assemble 

All towers mounted 
on hinged bases 
Complete Telescoping 
and Fold-Over 
Series available 

And now, with motorized options, you can 
crank it up or down, or fold it over, from 
the operating position in the house. 
Write for 12 page brochure giving dozens 
of combinations of height, weight and wind 
load. 

ALSO TOWERS FOR WINDMILLS 

HEIGHTS 
MANUFACTURING CO. 

In Almont Heights Industrial Park 
Almont, Michigan 48003 

LDtie to severe act of vandalism and an 
office fire, many inquiries were lost. If 
you have not had a reply, please place 
your inquiry again. 

you in the right ballpark, actual fre-
quency readout is provided on the trans-
ceiver's digital display. The display auto-
matically changes to the correct fre-
quency as you switch from receive to 
transmit so there's never any doubt as 
to the frequency you are operating on. 

Four front-panel pushbutton switch-
es on the SB-644 control all transceive, 
transmit and receive modes on both the 
transceiver and the remote vfo. No 
switching is necessary at the transceiver 
— just push a button to turn on the vfo, 
and push another to select the vfo or 
crystal. Status lamps behind the window 
indicate whether the frequency is con-
trolled by the transceiver vfo, remote 
vfo or crystal. 

The vfo circuitry in the SB-644 is the 
same as that used in the new SB-104, 
and thanks to the true digital readout 
used in the transceiver, concern about 
vfo dial linearity is a thing of the past. 
The vfo kit is assembled on two circuit 
boards and only two simple adjustments 
are required for alignment. Frequency 
dri f t is less than 100 Hz per hour after a 
30-minute warmup; dial backlash is 100 
Hz maximum. 

station console 
The new SB-634 station console 

($179 .95 ) is actually five station 
accessories in one: a 24-hour digital 
c l ock , ten-minute ID timer; phone 
patch, rf wattmeter and swr bridge. The 
digital clock indicates hours, minutes 
and seconds with digits large enough 
that they can be read from across the 
room. The clock runs continuously as 
long as the console is plugged in, com-
p le te l y independent of the other 
functions. 

The ten-minute ID timer uses three 
digits to indicate minutes and seconds 
up to 9:59. At the ten-minute mark the 
timer automatically recycles and pro-
vides a visual alarm or both visual and 
audible alarms (selectable from the 
front panel). If you elect to identify 
before the 10-minute mark, as you 

'iKx 
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/Stl 
t C • 

72 EB april 1975 More Details? CHECK-OFF Page 110 



J 

should, the ID timer can be reset by a 
pushbut ton on the f r o n t panel. 
Accuracy of both the 24-clock and ten-
minute timer is determined by the accu-
racy of the power-line frequency. 

The hybrid phone patch which is 
built into the station console allows 
either manual operation or voice control 
without switching connections. Isola-
tion between transmit and receive cir-
cuits is at least 30 dB and can be ad-
justed with a rear-panel control. When 
you are running a phone patch, the meter 
can be used to indicate VU, and trans-
mitter and receiver gain can be set with 
separate front-panel controls. 

The rf power meter covers the fre-
quency range from 1.8 to 30 MHz in 
two ranges, 200 or 2000 watts full scale, 
with accuracy of ±10%. If you wish to 
measure swr, simply press a button on 
the front panel. Swr sensitivity, which is 
less than 10 watts, is adjustable. 

station monitor 

The Heath SB-614 station monitor 
($139.95) will display transmitted ssb, 
CW, a-m (trapezoid) and RTTY (cross) 
signals up to one kilowatt from 80 
through 6 meters. The flat-face CRT 
uses push-pull drive for a keystone-free, 
sharp, clean trace that can be used to 
diagnose a wide variety of operating 
problems: non-linearity, insufficient or 
excess drive, poor carrier or sideband 
suppression, regeneration, parasitics and 
key clicks. The operating manual in-
cludes 40 CRT display illustrations and 
explanations. 

The station monitor has all standard 
scope control functions with a re-
current, automatic sync-type sweep gen-
erator that is adjustable in three ranges 
from 10 Hz to 10 kHz. For limited test 
applications the SB-614 can also be used 
as a normal scope with 10 kHz to 50 
kHz bandwidth, good sync and high 
input sensitivity (60 mV rms for %-inch 
vertical deflection). A rear panel 10:1 
attenuator provides extra operating con-
venience. 

N E W BIPOLAR MULTIMETER: 
AUTOMATIC POLARITY INDICATION 

Model ES 210K 
Displays Ohms, Volls or Amps In 5 ranges • 
Vollage from 100 Microvolls !o 500 V • Resist-
ance from 100 Milllohms lo 1 Megohm • Current 
Irom 100 Nano Amps !o 1 Amp. $ 8 0 . 0 0 C a s e 
Included. (Optional probe SS.00). 

40 MHz DIGITAL FREQUENCY COUNTER: 
1 Wi l l not be damaged by high power transmission levels. 
1 Simple, 1 cable connection to transmitter's output . 

ES 22QK - Line Irequency t ime base. 
1 KHz resolution . . . 5 digi t : $79.50. Case extra: S I0 .00 

ES 2 2 I K - Crystal l ime base. 
100 H i resolution . . 6 digit; $109.50 Case extra: S10.00 

DIGITAL CLOCK: 

ES 112K/124K • 12 hour or 24 hour clock. S46.95. 
Case extra: Metal S7.50 

CRYSTAL TIME BASE: 
ES 201K - Opt. addi t ion to ES I 12K . 124K or 500K 

Mounts on board. Accurate to ,002% . . . . S25.00 

I.D. REMINDER: 
ES 200K Reminds operator thai 9minutes and 45seconds 

have passed. Mounts on ES 112 or 124 board. Silent LED 
Hash: S10.95. Optional audio alarm S4 extra. 

SPECIAL OFFER: Ask about our 
unique Clock Kit Special. Prices as 
low as $20.00! 
Each kit contains complete parts list with all parts, schematic illuslralioris 
and easy to lollow, step by step instructions, No special tools required 

ORDER YOURS TODAY: 
U s e y o u r M a s t e r c h a r g e or 
B a n k a m e r i c a r d 
M o n e y B a c k G u a r a n t e e 

505' /2 Centinela • Inglewood, Ca. 90302 • (213) 674 -3021 
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NEW NEW NEW 
AMERICAN MADE DUAL 
Electrolytic 1000 & 500 
MFD. 15V long leads. 
dia. x Zlfy" long. 

55«! each, 3/$1.50 ppd. 

NEW ITEMS 
Sparry SP-332 contains 
two 7 segment readouts, 
.330 high, side by side 
layout, black glass face, 
orange characters with 
decimal. 3A in. square, 
ŷ  /specs. 
$3.50 each, 3 for $10.00 
6 foot AC Line cords 45<t ea. ppd. 
UNPOTTED TOROPDS — All toroids 
are center tappfed, 88MHY or 44MHY * 

Price is a low S for $2.75 ppd. ^ 

NEW SIZES — VERTICAL MOUNT PC BOARD 
POTENTIOMETERS 

American made (CRL) high quality 
pots. Available in the following 
sizes: 500 ohms, 1500 ohms, 
25,000 ohms, 50,000 ohms, 100,000 
ohms. 

Price is 5 for $1.00 ppd. 

3 inch 4 ohm VC Square frame 
with 4 mounting holes. 

$1.20 each ppd. 

COOL 30-0-30 V - 2.5 AMP SHIELDED TRANS-
FORMER — NEW — AMERICAN MADE YES 
— 3 pound with 1%" deep core vertical end 
bell mount. 2VA" w. x 3" h. x 3V4" deep, 
with 6.3 V - 1A winding. $4.85 ppd. 

NEW . . . Red 6 foot #18-2 line cord with 
flanged safety plug — 55<? ppd. 

ZENERS 
All Units Tested And Guaranteed 

400 MILLIWATT UNITS — 3, 3.3, 3.6, 3.9, 4.3, 
4.7, 5.6, 6.2, 6.8, 7.5, 8.2, 9.1, 18, 22, 24, 27, 
Volts. 
1 WATT UNITS — 10, 11, 12, 13, 15, 16, 18, 
20, 22, 27, 30, 33, 39, 43, 47, 51, 56, 62, 68, 
75, 82, 91, 100, 110, 120, 130, 150, 160, 180, 
Volts ALL UNITS 10% — 4 for $1.00 ppd. 

5% —- 3 for $1.00 ppd. 

NEW NEW NEW NEW NEW 
1/10 MFD, 10V, CRL DISC CAPACITOR %" 
dia., long leads 11^ ea., 10 for $1.00 ppd. 

Miniature Terminal Strips. 
1" Long x W High. 3 
Term, plus Ground 

20 for $1.00 ppd. 
IDEAL FOR 2M POWER — Transformer, 115 
VAC primary, 18 volt, 5 amp ccs or 7 amp 
intermittent duty secondary $6.00 ea. ppd. 

Power Transformer. 115 Volt AC Primary. 
Secondary #1: 32-0-32 Volt @ 1 Amp. 
Secondary #2: 6.3 Volts. Low Current For 
Pilot Lights. Size 2VZ" x 2»/a" x 3". 

Price: $2.50 Each ppd. 
SEND STAMP FOR BARGAIN LIST 

Pa. residents add 6% State sales tax 
ALL ITEMS PPD. USA 

Canadian orders for less than $5.00 add $1.00 
to cover additional postage costs. 

m. wein/cheflker 
j ' K 3DW BOX 353 • IRWIN, PA. 15642 

conduction-cooled linear 
T h e new S B - 2 3 0 1 - k i l o w a t t 

conduction-cooled linear uses a rugged 
Eimac 8 8 7 3 t r iode in a proven 
grounded-grid circuit to deliver up to 
1200 watts PEP input on single side-
band and 1000 watts on CW with less 
than 100 watts drive. The linear is also 
rated at 400 watts input for slow-scan 
television or RTTV. Third-order inter-
modulation distortion is - 3 0 dB or 
more. And since the SB-230 is conduc-
tion cooled, there is no need for a noisy 
blower — the massive heatsink on the 
rear of the unit takes care of all the 
cooling requirements. 

The cabinet of the SB-230 features 
microswitch interlocks on both the top 
and bottom to shut down the primary 
power when either of the covers is 
removed. The temperature of the heat-
sink is monitored so if the temperature 
rises too high a thermal circuit breaker 
opens and the amplifier shuts down. To 
allow the 8873 sufficient time to warm-
up when it is first turned on, a delay 
circuit is built in. When warmup is 
completed the Delay light goes out. 
Lights are also provided to indicate 
when the exciter is running straight 
through and when the amplifier has 
been shut down because of high heat-
sink temperature. 

Bandswitching of the linear is accom-
plished with a single knob and the load 
and tune controls are clearly marked so 
you can return to a favorite operating 
frequency by simply noting the control 
positions. The back-lighted meter is 
used to indicate relative rf power, plate 
current, grid current or high voltage. 
Relative power sensitivity is adjustable 
from the front panel. Price, including 
power supply, is $319.95. 

For more information on the excit-
ing new Heath SB-line, the first com-
plete high-frequency amateur communi-
cations system to be offered in some 
time, write to the Heath Company, Ben-
ton Harbor, Michigan 49022, or use 
check-off on page 110. 

( 3 april 1975 More Details? C H E C K - O F F Page 110 



$1.00 

focus 
on 

communications 
technology . . . 

( 
6th 

annual 
antenna 

issue 

ham m_ 
radio 

magazine 

M A Y 1975 

this month 

• log-periodic design 14 

• phased vertical array 24 

• open-grid parabolic 
reflectors 28 

• shunt-fed verticals 34 

• simple impedance 
measurements 46 



ham 

radio 
marjd/tntf 

May, 1975 
volume 8, number 5 

staff 

James R. Fisk, W 1 D T V 
editor-in-chief 

Patricia A . Hawes, W N 1 Q J N 
assistant editor 

J. Jay O'Brien, W 6 G D 0 
fm editor 

James A . Harvey, W A 6 I A K 
James W. Hebert, W A 8 0 B G 

Joseph J. Schroeder, W 9 J U V 
AMred Wilson, W 6 N I F 

associate editors 

Wayne T. Pierce, K 3 S U K 
cover 

T.H.Tenney, Jr., W 1 N L B 
publisher 

Fred D. Moller, Jr., W N 1 U S O 
advertising manager 

offices 

Greenville, New Hampshire 03048 
Telephone: 603-878-1441 

ham radio magazine is 
published monthly by 

Communications Technology, Inc 
Greenville, New Hampshire 03048 

subscr ipt ion rates 

U.S. and Canada: one year, $8.00 
two years, $13.00; three years, $18,00 

Worldwide: one year, $10.00 
two years, $17.00; three years, $24.00 

Foreign subscription agents 
Canada 

Ham Radio Canada 
Box 144, Goderich 

Ontario, Canada, N 7 A 3 Y 5 

Europe 
Ham Radio Europe 

Box 444 
194 04 Upplands Vasby, Sweden 

France 
Ham Radio France 

20 bis. Avenue des Clarions 
89000 Auxerre, France 

United K ingdom 
Ham Radio U K 

Post Office Box 64, Harrow 
Middlesex H A 3 6HS, England 

African continent 
Holland Radio, 143 Greenway 

Greenside, Johannesburg 
Republic of South Africa 

Copyright 1975 by 
Communications Technology, Inc 

Title registered at U.S. Patent Office 
Printed by Wellesley Press. Inc 

Framingham. Massachusetts 01 70J, U S A 

Microfilm copies of current and 
back issues are available from 

University Microfilms 
A n n Arbor. Michigan 48103 

Second-class postage 
paid at Greenville, N.H. 03048 

and at additional mailing offices 

contents 
8 large vertical antennas 

Harry R. Hyder, W7IV 

14 log-periodic antenna design 
George E. Smith, W4AEO 

24 phased vertical array 
Jerrold A. Swank, W8HXR 

28 open-grid parabolic reflectors 
Norman J. Foot, WA9HUV 

34 shunt-fed vertical antennas 
John R. True, W40Q 

40 1296-MHz Yagi array 
Paul F. Magee, W3AED 

46 measuring complex impedance 
with an swr bridge 
Randall W. Rhea,WB4KSS 

52 electrically-steered phased array 
Henry S. Keen, W5TRS 

56 80-meter bow-tie antenna 
Dwight F. Borton, W9VMQ 

66 low-frequency loop antenna 
Kenneth Cornell, W2IMB 

71 tilt-over tower 
Henry S. Keen, W5TRS 

4 a second look 
126 advertisers index 
74 comments 

115 flea market 

78 ham notebook 
84 new products 

126 reader service 
6 stop press 

may 1975 QB 3 



a second look m 
fisk 

v 

Power measurement of amateur trans-
mitters is a serious topic of discussion at 
the FCC these days. Although the ama-
teur restructuring proposal, Docket 
20282, has proposed that the maximum 
transmitter output power shall not ex-
ceed 2000 watts peak envelope power, a 
footnote points out that this is only one 
proposal under consideration by the 
FCC. The Commission is also looking at 
alternatives such as PEP input, average 
power input, ratios of peak to average 
power output, limitations on the dissi-
pation ratings of final power amplifier 
devices or even a combination of these. 
Prose Walker, W4BW, Chief of the Ama-
teur and Citizens' Division, is soliciting 
suggestions for solutions to this prob-
lem, and doesn't want to wait for the 
Docket comments to hear your ideas. A 
note to him at 2025 M Street, NW, 
Washington, DC 20554, with your rec-
ommendation, would be appreciated. 

Although some amateurs may feel 
that it makes little difference whether 
the regulations specify input or output 
power, at frequencies above 50 MHz or 
so, where operating efficiencies are 
much lower, it is extremely important. 
On the high-frequency amateur bands 
typical transmitter efficiency is on the 
order of 70 per cent, but at vhf and uhf 
efficiency can drop to 50 per cent or 
even less. That 20 per cent difference 
can make a considerable difference to 
the vhfer who is trying to extend his 
communications range. And, with the rf 
wattmeters which are currently 
available, there seems to be little reason 
why the amateur power limitations 
shouldn't be expressed in terms of out-
put power. 

Until relatively recently, the accurate 
measurement of high-frequency rf pow-
er required very expensive instruments 
to which few amateurs had access: 
matched dummy loads, calorimeters and 
other thermal devices which could be 

calibrated with known dc voltages and 
currents. Furthermore, the difficulty of 
rf power measurements increased with 
both frequency and power level. Accu-
rate measurement of 500 watts output, 
for example, was many times more diffi-
cult than the measurement of 50 watts 
output, even on the hf bands. These 
measurements were further complicated 
at vhf and uhf, and accurate measure-
ment of the output of high-power vhf 
transmitters was virtually impossible. 

The introduction of toroidal-type 
directional wattmeters about fifteen 
years ago solved the problem of high-
frequency average power measurement 
(subsequent design improvements have 
moved the frequency range up to 250 
MHz or so), but the difficulty of meas-
uring peak envelope power still remains. 
At least one coupler (the Collins 302C) 
added a capacitor to the circuit to make 
it more of a peak-reading device, but it 
still reads only about 65 per cent of the 
actual peaks. Most other types of watt-
meters, including absorption types and 
the popular Bird model 43, theoretically 
read 40.5 per cent of the actual peak 
power of a two-frequency signal. The 
Bird model 4311 reads peak power di-
rectly, but it's priced out of the range of 
most amateurs. However, it should be 
fairly simple to design a peak-reading 
amplifier for use with average-reading rf 
wattmeters that would provide direct 
measurements of peak envelope power. 

Another possibility is the use of a 
single-tone. Single-tone modulation of a 
ssb transmitter results in peak envelope 
power output which equals average 
power and is indicated correctly on 
average-reading power rf power meters. 
However, this technique is not nearly as 
tidy as a peak-reading rf wattmeter 
which is always in the line. 

Jim Fisk, W1DTY 
editor-in-chief 



BICENTENNIAL CALLSIGN SCHEME has been released, and as expected, all FCC-li-
censed amateurs can have some fun with it in 1976 if they're so inclined. State-
side alternate prefixes are straight forward, with WA becoming AA, W changing to 
AC, and repeaters getting an optional AF. 

Outside The Contiguous U.S. is where the fun really begins, however, with 
Samoa becoming AH3 and an Alaskan Novice an AL1. The partial scheme appears 
below. Don't rush to cut it out because we'll include a larger scale chart later 
this year. 

Use Of The Alternate Prefixes is entirely optional and no paperwork will be 
required. Just remember they don't go into effect until 0500Z January 1, 1976, 
and are good until January 1, 1977. 

CLASS-E CB DECISION DEFERRED again, will be reconsidered "later this year" as 
a result of March FCC meeting. Commissioners decided that Class-E CB issue 
could not be properly decided without taking both amateur and Ciass-D CB "re-
structuring" dockets as well as the new automatic transmitter ID docket under 
consideration at the same time, and Reply Comments on the latest of these aren't 
due until July 16. Canada's objections to 220-MHz CB were also a factor. 

COMMENTS ON DOCKET 20282 are arriving in a steady stream at the FCC, and sev-
eral hundred have been received so far. Though no tabulation is being kept, most 
from Extras complain about loss of the exclusive phone bands and those from 
Generals and Techs bemoan their many losses. Very few flatly reject the proposal. 

AMSAT EXPERIMENTER'S CONFERENCE in late March covered lots of ground, and 
tentative plans are for a "Phase 3" spacecraft on an elliptical orbit for launch 
in 1978. Like its predecessors, the new satellite would be a truly international 
project: design work is to be German, construction Canadian and ground support 
Australian. 

Tech Class Licensees can use OSCAR 7, despite report to the contrary in east 
coast club paper — specific permission was a part of the FCC license issued to 
the satellite. 

AMSAT Dues Will Double July 1 from $5 to $10 a year, so it would be wise to 
renew now for an extended period and save, 

OSCAR 6 Telemetry supports the expectation that AMSAT's long lived "bird" will 
continue to be operational at least through next fall. Battery temperature, con-
sidered to be the most critical parameter, is dropping after the expected Febru-
ary peak. 

6-METER BAND THREATENED by proposal to add another VHF TV channel. In its com-
ments filed in response to Docket 20264, which pertains to radio call-box systems 
and their use in the 72-76 MHz band, a prominent Dallas consulting engineering 
firm has proposed that the public interest would be best served by moving chan-
nels 2, 3 and 4 down 2 MHz and putting a new TV channel, dedicated to non-com-
mercial educational use, in the resulting 70-76 MHz band. Present users of the 
72-76 MHz slot would move elsewhere, but the other 2 MHz would come right out of 
the amateur 50-54 MHz assignment! 

Whether This Proposal will receive serious consideration by the Commissioners 
remains to be seen, but this threat — very similar to those of EMS on the high 
end of 420-450, HIRAN and 220-MHz Class-E CB, shows how others look at the pre-
sent amateur assignments. 

WA1-WA0 AA1-AA0 
WB1-WB0 AB1-AB0 
W1-W0 AC1-AC0 
K1-K0 AD1-AD0 

WD1-WD0 AE1-AE0 
WRL-WR0 AFI-AF0 
WN1-WN0 AG1-AG0 

KB6 AG2 
KC4 AL4 
KG 6 AG 6 
KH6 AH6 
KJ6 AJ7 
KL7 AL7 
KM6 AH7 

KP4 AJ4 
KP6 AI0 
KS4 AH4 
KS6 AH3 
KV4 AJ3 
KW6 AG7 
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The dec/ease in sunspot activity has 
caused a renewed interest in low-
frequency DX operation. On the 80-
and 160-meter bands beams are imprac-
tical, and even dipoles must be un-
reasonably high to get the low-angle 
radiation necessary for DX. That leaves 
vertical antennas. Although omni-
directional, they are very good low-angle 
radiators. In theory, a short vertical 
radiates as well as a tall one; but in 
practice, the low radiation resistance of 
a short vertical, compared with ground 
and other resistances, makes its overall 
efficiency low. 

My friend Liscum Diven, W7IR, 
decided to erect a good-sized vertical 
hoping to increase his DX contest scores 
on 80 and 160. He is blessed with 
enough real estate to make this prac-
tical, considering the area required for 
guying and a good ground system. While 

all amateurs are not so fortunate, the 
design procedures described in this arti-
cle are applicable to more modest an-
tennas - or larger ones. 

may 1975 



height considerations 
The first thing to be decided, of 

course, was the height. This factor is 
always a compromise between desired 
performance and cost. There is no good 
reason why a vertical, or any other 
antenna, has to be self resonant. An 
antenna will radiate all the power it can 
absorb. When an antenna is an odd 
multiple of a quarter-wavelength long 
the feed-point impedance is convenient-
ly low for coax transmission lines, and 
the reactance is zero; but these are the 
only advantages to resonant antennas: 
they are easier to feed. 

As for the vertical, the practical effi-
ciency increases until a height of about 
0.6 wavelength is reached. At greater 
heights the vertical radiation angle rises 
rapidly, making the antenna less desir-
able for DX. 

Since W7IR's antenna was to be used 
on both 80 and 160, the height could 
not exceed 0.6x80 meters, or 157 feet 
(48m). This was a little too high for 
W7IR's tastes. Top-loading to reduce 
the physical height while maintaining 
the electrical height was considered 
but rejected because of mechanical dif-
ficulties. 

Even if you're not particularly interested 
in erecting a vertical antenna, the follow-
ing piece is well worth reading for a firm 
grasp on some of the physical aspects of 
all antennas. The part on characteristic 
impedance, which is treated in terms of an 
antenna as a transmission line, should help 
to dispel some of the misconceptions on 
antenna theory that we hear on the ama-
teur bands. The graphs of resistance as a 
function of antenna height-to-diameter 
ratio, which were taken from reference 1, 
should provide a convenient design aid for 
those seriously contemplating the construc-
tion of a large vertical antenna. Editor 

It was finally decided to make the 
vertical 91 feet (28m) high, consisting 
of 70 feet (21m) of aluminum lattice 
tower sections, surmounted by a 21-
foot (6.4m) whip that happened to be 

ANTENNA HEIGHT 
ANTENNA DIAMETER 

fig, 1. Resistance as a function of antenna 
height-to-diameter ratio. 

available. This configuration would 
make the electrical height of the an-
tenna 0.347 wavelength on 80 and 
0.166 wavelength on 160 meters. 

It was decided to guy the antenna at 
two levels. The base insulator was to be 
a cluster of heavy-duty ceramic pillars. 
Since the dead weight of the antenna 
would be only about 100 pounds 
(37kg), and ceramic is very strong in 
compression, this type of base was quite 
practical. 

The guys were to be 1/8 inch (3mm) 
diameter steel cable, with 6-foot (1.8m) 
sections of 1/2-inch (13mm) poly-
propylene rope to insulate the guys 
from the tower, and small egg insulators 
to break up the guys. The guy anchors 
would be 5-foot (1.5m) long earth 
augers. 
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matching system characteristics 

A lot of thought was given to the 
matching network. It was decided not 
to use the usual cut and try method; 
instead, the network would be engineer-
ed. The network was built before the 
antenna was erected, and required only 
minor adjustment when installed. 

The following characteristics were 
desired in the network: 

1. Obviously it must match the resis-
tance and tune out the reactance. The 
antenna would be highly reactive on 
both bands since it would not be reso-
nant on either. 

2. It should use as few elements as 
possible and should be easily switched 
between bands. 

3. It should have a permanent dc path 
to ground on both bands for lightning 
protection. 

The design achieved all of these objec-
tives. 

First to be determined was, "what 
were we matching?" Any antenna is 
really a transmission line. Its termina-
tion is its own losses to space; but since 
this is a poor termination, the vswr is 
very high, as a graph of the voltage and 
current shows. As with all transmission 
lines, an antenna has a characteristic 
impedance. This is not the sending-end 
impedance. What is seen at the sending 
end is the antenna's losses to space, 
which are distributed along its length, 
transformed by the characteristics of 
the transmission line to a single resis-
tance value called the base radiation 
resistance of the antenna. This resis-
tance, when multiplied by the square of 
the current measured at that point, tells 
how much power is actually being 
radiated. 

The characteristic impedance of the 
antenna is a function of the length-to-
diameter ratio. A thin wire will have a 
characteristic impedance of 600 ohms 

or more; a lattice tower might have a 
characteristic impedance of 200 ohms 
or less. The lower the characteristic 
impedance, the less will be the impe-
dance excursions with frequency at the 
sending end, which is true of all trans-

SOO 
400 
300 

2 3 A 5 10 20 SO 50 100 

ANTENNA HEIGHT 

ANTENNA DIAMETER 

ZOO 300 Soo 1000 

fig. 2. Reactance as a function of antenna 
height-to-diameter ratio. 

mission lines. This means greater band-
width. 

The accurate calculation of the resis-
tance and reactance of an antenna of 
irregular shape is impractical, but graphs 
are available that give fairly realistic 
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values. These graphs, reproduced in figs. 
1 and 2 and described in reference 1, 
were generated from vhf scale models 
and give resistance and reactance values 
for solid cylindrical antennas of differ-
ent height-to-diameter ratios over a per-

0.347 wavelength on 3.75 MHz, the elec-
trical heights on those bands would be 
59 and 125 degrees respectively. 

The graphs, as closely as they could 
be read, yielded the following R and X 
values for the two bands: 

Antenna farm at W7IR includes beams for 20 
and 15 meters, right, beams for 40 and 10 
meters, center, and 91-foot vertical for 80 and 
160 meters, left. 

feet ground, with the height of the 
antenna in electrical degrees as the 
parameter. 

design assumptions 
We didn't know how a lattice tower 

of triangular cross-section related to a 
solid cylinder, but we guessed that it 
might be something like the diameter of 
a circle inscribed within the 11-inches 
(28cm) on-a-side triangular mast or 6 
inches (15cm). We also thought that the 
top 21 feet (6.4m) of the antenna, 
which was a small-diameter whip, would 
reduce this dimension further. Since it 
was a nice number to work with, our fi-
nal guesstimate was a height-to-diameter 
ratio of 200, which proved to be a good 
choice. Because W7IR's antenna would 
be 0.166 wavelength on 1.8 MHz and 

frequency 

1.8 MHz 
3.75 MHz 

resistance, R 
(ohms) 

7 
180 

reactance, X 
(ohms) 
- 1 6 0 
±240 

We further assumed that the ground 
system, fair but far from ideal, might 
represent a loss of 3 dB at 1.8 MHz. 
Adding 7 ohms, a loss resistance equal 
to the 1.8-MHz radiation resistance, 
might compensate for ground-system 
losses. The effective resistance values 
thus would be 14 and 187 ohms, re-
spectively. 

The antenna would require a series 
inductive reactance of 160 ohms to tune 
it to 1.8 MHz, but a shunt reactance was 
desired to provide a direct path to 
ground for lightning protection. So the 
series R and X from the graphs were 
translated to their equivalent parallel 
values: 

Q = 
Xs 
Re 

R p = R s (Q2 + 1) 

X r 

This gave the following values: 

frequency 

1.8 MHz 
3.75 MHz 

resistance, R 
(ohms) 

1820 
495 

reactance, X 
(ohms) 

- 1 6 0 
+386 

Thus a shunt reactance of +160 ohms 
(14.1 juH) would tune the antenna. The 
parallel resistance value of 1820 ohms 
could most easily be matched by using 
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the loading coil as an autotransformer, 
connecting the 50-ohm transmission line 
to a tap on the coil. The fraction of coil 
turns across which the line should be 
connected was: 

/ 50 
1820 = 0.166= 16.6% 

neglecting leakage inductance. This took 
care of the 160-meter band. 

A shunt capacitor would be required 
to tune the 80-meter band. This circuit 
would not furnish a direct path to 
ground, so it was decided to see what 
would happen if the 14.1-juH 160-meter 
loading coil were left in place on 80 
meters. At 3.75 MHz this coil would 
present a reactance of +332 ohms. This 
reactance in parallel with the +386 
ohms reactance of the antenna at 3.75 
MHz gave a net reactance of +179 ohms, 
the resistance being unchanged. When 
this combination was translated back to 
series form, the reactance was R = 57.5 
ohms and X = +159 ohms, a convenient 
value since it meant that on 80, with the 
160-meter loading coil in place, the 

fig. 3. Antenna tuning network for the 
2-band vertical with switching relay for 
changing bands. 

transmission line could be connected 
directly to the base of the antenna 
through a capacitive reactance of 159 
ohms (267 pF) with negligible mis-
match. The two-band matching net-
work was thus very simple, consisting of 

a single inductor and a single capacitor 
with a spdt relay to switch bands. The 
network is shown in fig. 3. 

W7IR works both phone and CW on 
80, so the bandwidth was calculated by 
ob ta in ing resistance and reactance 
values for the antenna and network 
components at 3.5 MHz and 4 MHz and 

cots 
lute 
Si 

3.7 3.8 

FREQUENCY (MHz) 

IBOO 1325 1850 1875 1900 1925 1950 

FREQUENCY (MHz) 

fig. 4. Vswr performance of the large vertical 
antenna on 80 and 160 meters. 

plotting the results on a Smith chart. 
This data showed that the vswr would 
be less than 2:1 over the entire band. 

construction and tuneup 
The network was built into an old 

breadbox; components were from an 
old rig. The coil had a Q of over 200 on 
both bands, so its loss was negligible. 
The antenna was erected without mis-
hap. A sign-erection truck was hired for 
the occasion, and a few local hams held 
guy wires.* 

The radials were put in wi th the aid 
of a mole, which is a tool about the size 
of a power lawnmower designed for 
digging shallow trenches for the pipes of 
underground sprinkler systems. Sixteen 

*Also try your local phone company or a tree-
trimming service. They have mobile cherry 
pickers with operators that can often be hired 
for a fairly reasonable fee. E d i t o r 
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radials about 125 feet (38m) long were 
installed. More radials would have been 
desirable and probably will be installed 
later. But it was only a week before the 
start of the DX contest, and even with 
the mole it was hard work. Then came 
the tune up. Would the network act as 
predicted? It had already been built. 

Author W 7 I V supporting W7IR 's antenna. 
Concrete base is 18 inches [45.7cm) by 1 foot 
(30.5cm). Tuning network and ceramic insu-
lators are shown. 

It was our intention first to measure 
the resistance and reactance of the an-
tenna, as a check on the curves and to 
get an approximation of the actual 
ground resistance. This would be done 
by subtracting the 7 ohms radiation 
resistance at 1.8 MHz taken from the 
graph from the measured total value. 
This turned out to be impossible for an 
unforseen reason. A local broadcast 
station produced a signal of 20 volts at 
the base of the antenna, making use of 
an rf bridge impossible. The BC station 
would not shut down for us so the 
network was tuned, first on 160, by 

energizing the network and antenna 
with enough transmitter power to over-
come the BC signal, then adjusting the 
inductance for maximum voltage across 
the coil as read by an rf vtvm. Then the 
transmission line tap on the coil was 
selected for minimum vswr. Next, 
power at 3.75 MHz was fed to the 
network, and the series capacitor ad-
justed to null the vswr. 

The final values came out extremely 
close to the calculated values. The 
160-meter loading coil turned out to be 
14 nH (right on the nose) and the 
80-meter series capacitor was 320 pF 
rather than the 267 pF calculated. The 
transmission line tap on the coil was at 
24% rather than 17% of the turns. 

Curves of vswr versus frequency are 
shown in fig. 4. The bandwidth is some-
what greater than calculated. This is not 
necessarily good, however, since it prob-
ably means that the ground losses are 
higher than assumed. 

conclusion 

As this is being written, the DX 
contest has just ended. Contest scores, 
of course, are highly dependent on con-
ditions and the number of stations and 
countries participating. But W7IR re-
ports that the overall performance on 
both bands was far superior to that of 
the high inverted-vees previously used. 

On 160, although activity was sparse 
and noise levels high, W7IR worked 
every DX station he heard. On 80, 
W7IR felt that, for the first time, he had 
an antenna that really put him in a good 
competitive position. The antenna gave 
him the feeling that he was really get-
ting through — every serious DXer 
knows that's what really counts. 

references 
1. E.A, Laport, Radio Antenna Engineering. 
McGraw-Hill. New York, 1952. 
2. R.E. Leo, W 7 L R , "Vert ica l Antenna 
Ground Systems," ham radio, May, 1974, 
page 30. 
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graphical design 
method for 
log-periodic antennas 

A no-math approach 

to the log periodic 

design problem 

Anyone who has designed or studied 
log-periodic antennas is aware of the 
math involved due to the many variables 
that enter into the design problem. 
References 1-5 contain several pages of 
formulas and refer the reader to four or 
five nomographs, log tables, etc. Prob-
ably this is one of the reasons the 
log-periodic antenna has been neglected 
by the amateur fraternity. Furthermore, 
little information has been published on 
the design of hf L-P antennas in amateur 
publications. 

When I retired in 1970 I decided to 
make a study of high-frequency log-
periodic antennas. The original antenna 
in use here has only 7 elements, is 
limited to 20 and 15 meters, is less than 
40 feet (12.2m) long, and is pointed 
south. Over the past three years it has 
averaged 8-10 dB gain compared with a 
20-meter dipole at the same height. The 
results obtained from this beam prompt-
ed a second, larger log-periodic for 20, 
10 and 15 meters having a boom length 
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of 70 feet (21.3m). Three log-periodics 
were erected and tested during 1970, 
and as of this writing 17 have been put 
up and tested. 

This article presents a graphic design 
approach for log-periodic antennas that 
eliminates the work associated with the 
math involved. Four designs are pre-
sented first, each having essentially the 
same boom length and apex angle, but 
with different numbers of elements. 
Each should provide approximately 
10-dB gain referenced to a dipole at the 
same location and height above ground. 

Additionally, two more log-periodic 
designs are shown, one with a 54 foot 
(16.5m) boom that gives about 8-dB 
forward gain and one with a 100-foot 
(30.5m) boom. (Both boom lengths are 
nominal.) This last design is presented 
for those with enough real estate to 
accommodate it and the nerve to hang 
such a monster in the air. It will give 
12-dB forward gain (referenced to a 
dipole) if properly designed and assem-
bled and suspended at least 40 feet 
(12.2m) above ground. All designs cover 
14 to 30 MHz. 

the log-periodic antenna 
For those readers not acquaintec 

with the log periodic, it is a broadband 
multi-element, unidirectional, end-fire 
array capable of 8- to 14-dB forwarc 
gain. The front-to-back ratio is usually 
10 to 14 dB with side attenuation tc 
about 25 dB. The forward lobe of th( 
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log-periodics tested here generally runs 
about 90 degrees in the H plane. Its 
vertical angle of radiation, or take-off 
angle, can be controlled fairly well by 
height above ground. The swr at the 
feedpoint remains relatively constant 
over the frequency range for which the 
antenna is designed, generally not ex-
ceeding 2:1 with 1.5:1 as typical; usu-
ally varying between 1.1:1 and 1.5:1. 

A bandwidth of 10:1 is normal for 
fixed commercial log-periodics designed 
to cover frequencies between 3 to 30 

erected in a space 40x40 feet (12x12rn) 
giving an 8- to 10-dB gain on 2 0 a n d 15 
meters. 

Most of the log-periodics used here 
have been of the horizontal dipole con-
figuration and have been tested on 40, 
20, 15 and 10 meters. One of the 20-, 
15-, 10-meter log-periodics was also test-
ed for a few weeks in the vertical plane. 
Three of the vertical monopole config-
u r a t i o n s using a ground plane or 
counterpoise have been tested on 40 
and 8 0 meters. More recently two of the 

MHz; however, they are quite long, usu-
ally 250-800 feet (76-244m), depending 
on gain required and beamwidth. Some 
of the commercial log-periodics having a 
limited bandwidth of 4-30 MHz are 
150-350 feet (46-91 m) long, and for 
6-30 MHz, 100-250 feet (30-76m) long. 
The commercial rotary types generally 
have a boom length of 4 0 to 74 feet 
(12-22.5m). Some of these are used at 
MARS stations. 

For amateur applications, a fixed log-
periodic wire beam can be limited to a 
bandwidth slightly more than 2:1, 
covering 7-14.5 MHz for 4 0 and 20 
meters or 14-30 MHz for 20, 15 and 10 
meters without being excessively long. 
By limiting bandwidth still more, say 
14 to 22 MHz, a log-periodic can be 

trapezoidal type, one the sawtooth 
structure and the other the zig-zag, have 
been tested on 20 meters. Some of these 
log-periodic antennas have been de-
scribed in amateur publications6"10 

with complete dimensions and assembly 
details. 

In addition, several special log-
periodics have been designed on paper 
covering other frequencies. Some cover-
ed both MARS and amateur bands; 
several were for special vhf and uhf T V 
channels; and, I blush to say, one cover-
ed 26-27 MHz for a CBer wanting a good 
skip antenna. 

After designing my first three log-
per iod ics t h e hard way with the 
formulas, I felt there must be an easier 
design method. When designing the 
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TARGET BOOM LENOTH 
TO FT (21 Ml 

fig. 2. Log-periodic antenna using 17 elements and 
a 69-foot (2 !m) boom. Approximate gain (refer-
enced to a dipole) for this design and those in figs. 3 to 5 

ELEMENT LENGTH SPACING DISTANCE 
FT (M) FT (M) 

El 36.0 ill. 0) SI 7.2 (2.2) 
£ 2 334 (10 2) S2 6.5 (2.0) 
£3 31.0 (9.5) S3 6.2 (1.9) « 287 (6.7) S4 S.7 (1.7) 
E5 265 (6.11 S5 5.3 (1.6) 
£6 24.5 (?.5) S6 4.9 (1.5) 
ET 227 (6.9) ST 4 5 (1.4) 
SB 21.2 (6.5) S8 4.3 (1.3) 
£9 19,7 (6.0) S9 4.0 (12) 
£10 >6 0 a . f ) SI 0 3.6 d-D 
Ell 16.7 (5.1) Sll 3 4 (1.0) 
EI2 15.4 (4.T1 $12 30 (0.92) 
EI3 14.4 (4.4) SI3 2.9 (0.86) 
EI4 13.3 (4.1) SI4 2.7 (0.62) 
£15 12.4 (3.6) SIS 2.5 (0.76) 
£16 11-6 (3.5! SI6 2 3 (0.70) 
El 7 (0.4 (3.2) 

s 10 dB. All cover 14 to 30 MHz. 

original antennas, I always made an 
assembly sketch on graph paper after 
arriving at the correct element lengths 
and spacing distances. Since the outline 
of a log-periodic results in an isosceles 
triangle, with the long rear element 
being the base and the shorter forward 
elements forming the triangle toward 
the apex, the following simple no-math 
graphic design method became appar-
ent. I believe this simple design method 
will be of interest to any amateur wish-
ing to design a log-periodic for a particu-
lar band, bandwidth, or to fit a log-
periodic into a given space. 

graphic design method 
Y o u will need the following mate-

rials: graph paper, 1/10 cross section, 
81/2x101/2 inch (21.5x26.7 cm) or larger; 
an architect or engineer's scale; a pro-
tractor; and some French curves (not 
absolutely necessary but helpful in 
designing the side catenary lines). 

For the first example we will design 
an L-P for 20, 15 and 10 meters or for 
operation on any frequency between 14 
and 30 MHz. 

1. First determine the low- and high-
frequency cutoff required or frequencies 
over which the L-P is to operate, or its 
bandwidth. 

2. Next determine the amount of space 
available when the L-P is aimed in the 
desired direction. If there is a space 
limitation, it may be necessary to re-
duce the boom length, losing some gain. 
This is discussed later. 

3. Determine the length of the longest 
(rear) element and the shortest (for-
ward) element: 

Rear element. The rear element should 
be at least 5 % longer than the lowest 
cutoff or operating frequency. Using the 
usual formulas: 

% wavelength = 468/MHz = 468/14 
= 33.4 feet (10.2m) 

33.4 + 5 % = 3 4 . 4 + 1 . 7 
= 35.1 feet (10.7m) 

Since a slightly longer length is better, 
we will use 36 feet (10.9m) for the rear 
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TARGET BOOM LENGTH 
TO FT (2IM) 

ELEMENT LENGTH SPACING DISTANCE 

fig. 3. A n L.-P with 14 elements and a 70-foot (21.3m) boom. 

FT (M) FT (M) 

El 36.0 < II.O) SI 9.0 (2.7) 
E2 32.5 (9.9) 52 8.2 (2.5) 
ES 29 5 (9.0! S3 7.4 (2.2) 
E4 26.8 (8. n S4 6.7 (2.0) 
ES 24 6 (7.5) S5 6.1 (LB) £6 22.0 (6.7) S6 5 5 (1.7) 
E7 20.0 (6.1) S7 5.0 (1.5) 
EB IBS (5.6) SB 4 6 (1.4) 
E9 16.7 (5.1) S9 4 2 (1.3) 
EIO IS.O (4.6) SIO 3 8 (1.2) 
Ell i3. e (4.2) SII 3.5 (I.I) 
£12 12.4 (3 B) SI2 3.1 (0.93) 
EI3 11.4 (3.5) SI3 2 9 (0.87) 
EIA IO,4 (3.2) 

e l emen t . Th i s element length will 
resonate at 468/36 = 13.0 MHz . 

Forward element. The shortest element 
should resonate 45 to 5 0 % higher in 
f r e q u e n c y t h a n the desired high-
frequency cutoff. From my experience, 
the swr will be lower by using a high-
frequency cutoff plus at least 5 0 % : 

30 MHz + 50% = 45 M H z 

Yi wavelength at 45 MHz = 468/45 
= 10.4 feet (3.2m) 

We now have the required length of the 
rear element, 36 feet (10.9m) and the 
forward element, 10.4 feet (3.2m) 

4. We will now estimate a boom target 
length to determine a practical distance 
from the long rear element (E1) to the 
short forward element. F rom experi-
ence, an L-P designed to cover an octave 
(2:1 bandwidth) should have a boom 
length from 1.5 to 3 times the length of 
the rear element. If the boom length is 
less than 1.5 times the rear-element 
length, the apex angle will exceed 4 0 
degrees and the forward gain will suffer. 
In other words, the gain drops off quite 

rapidly for a boom length less than E1 x 
1.5, or with an apex angle of more than 
40 degrees. 

F rom the L-P formulas and nomo-
graphs in the references it will be noted 
that the a angle (which is 1/2 the apex 
angle); relative spacing, a; design or 
scale factor, r; and other variables all 
govern the forward gain, front-to-back 
ratio, etc. The design factor, r, given by 
references 4 and 5, is of special interest 
because it gives gain figures between 7.5 
to 12 d B for various combinations of 
these formulas. However, the purpose of 
this article is to eliminate all formulas, so 
the information above is for those wish-
ing to pursue further study. 

We now have sufficient dimensions 
to start drawing the graphic L-P. In 
laying out the first antenna, use a scale 
of 10:1. Referring to fig. 1, proceed as 
follows: 

5. First draw the longitudinal center 
line, X -Y . Now draw the longest ele-
ment, E1, (line A-B) determined by step 
3 to be 36 feet (10.9m). 

6. A boom length of 2 x E l will be 
used for the first example; 36 x 2 = 72 
feet (21.6m). We will use 70 feet (21m) 
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as the target length and try not to 
exceed this length. 

It will be found later that this overall 
length may vary plus or minus a few 
feet, but we will try not to exceed an 
overall length of 70 feet (21m). This 
will also give us a target length for fore 
and aft mast spacing. 

Now measure 70 feet (21m) along 
the X-Y centerline from point X (or the 
rear element) toward V, making a dot at 

8. Draw line A-C and extend it until it 
crosses the X-Y axis. Next draw line 
B-D, extending it to also cross X-Y. If 
all drawings to this point have been 
accurate, these lines will meet, forming 
the apex, (Y), of an isosceles triangle, 
A-Y-B. 

9. The next step is to add the remaining 
elements between the rear element, E1, 
(line A-B) and the short, forward, target 

TARGET BOOM LENGTH 
TO FT (2lM) 

fig. 4. An 11-element L-P 
with a boom tengtti of 
69.95 feet (21.3m). 

ELEMENT LENGTH SPACING DISTANCE 
FT (M) FT (Ml 

El 36.0 (II.O) SI 12.0 13.6) 
E2 30.8 (9.3) S2 10.3 13.1) 
E3 27.0 (0 2) S3 9.0 12.7) 
E4 23.7 (7.2) S4 7.9 (2.4) 
£5 21.0 (6.4) S5 7.0 (2.1) 
£6 ia.s (5.7) S6 6.2 (1.9) 
£ 7 16.2 (5.0) S7 5.4 (1.6) 
EB 14.3 (4.4) SB 4.8 f 1.4) 
E9 12.7 (3.9) S9 4.3 (1.3) 
EIO 11.2 (3.5) SIO 32 (0.96) 
EH 10.0 <3.1) 

exactly 70 feet (21m), which will be 
called Y' . 

7. Next draw a temporary (dotted) line, 
C-D, at the 70 foot (21m) point, making 
this line 10.4 feet (3.1m), which is the 
length of the shortest (forward) ele-
ment. Make certain that the X-Y axis 
bisects this line, or that the two ends of 
line C-D are equidistant from X-Y. A 
permanent line is not drawn here as this 
is a temporary, or target line. It is a step 
of the graphic method needed to gener-
ate the triangle outline to which the 
other elements will be added. The final, 
short element, may not coincide exactly 
with the boom target length. It may 
miss this distance by a few feet; how-
ever, this has little effect on the perform-
ance of the antenna. 

element, which should fall near the 
temporary element (line C-D). 

Precise measurements must be made 
for the remainder of this design. For 
this reason an accurate scale must be 
used and the lengths should be read or 
estimated to 0.1 foot (3cm). Fig. 2 will 
now be used to complete the L-P. Our 
next objective will be to determine a 
cor rec t spacing ratio between the 
elements. 

element spacing 
Since a log-periodic antenna can be 

considered a unidirectional, end-fire ar-
ray having a series of driven elements, 
a spacing distance of 0.05 to 0.2 wave-
length should provide the best gain, as 
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the two adjacent elements are out of 
phase because of transposition between 
elements, which is required for a log-
periodic antenna. 

For starters we'll use an element 
spacing of approximately one-tenth 
wavelength between elements such as 
the rear (longest) element, E l , and the 
following element, E2; and between E2 
and E3, etc. An easy method of ap-
proaching this spacing is to divide the 

triangle. As shown by fig. 2 this length 
will be 33.4 feet (10.2m). (The remain-
ing elements and element spacing wil l be 
referred to as E3...En and S2...Sn, 
respectively.) 

11. Next determine the second spacing 
distance, S2: E2/5 = 32.5/5 = 6.5 feet 
(2.0m). Mark this distance, S2, draw E3, 
and measure its length, which will be 
31.0 feet (9.4m). 

1 

fig. 5. L-P design using 13 
elements and a 68.1-foot 
(20.8m) boom length. 

TARGET BOOM LENGTH 
TO FT (2!M) 

ELEMENT LENGTH SPACING DISTANCE 
FT (M) FT !M) 

El 36.0 tll.O) SI 9 5 (2 9) 
£2 32.4 19.8) S2 8.5 (2.6) 
E3 28.0 (8.7) S3 7.6 (2.3) 
E4 26.0 (7.9) S4 6.8 (2.0) 
ES 23 7 (7.2) S5 6.3 (1.9) 
as 21.3 (6.5) S6 5.6 (1.7) 
E7 19.2 (5.9) S7 5.0 (1.5) 
£ 9 172 (S.3) SB 4.5 (1.4) 
£ 9 15.8 (4.7) S9 4.2 (1.3) 
EIO 14.0 (4.3) SIO 3.7 I t.ll 
Ell 12.7 (3.91 Sll 3.4 (1.0) 
EI2 11.5 (3.6) SIB 3.0 (09) 
£13 10.2 (3.2) 

rear-element length by 5: 36/5 = 7.2 
feet (2.2m). For this simple design 
method, this might be considered simi-
lar to the "relative spacing ratio, o, = 
dN/21n," or "the mean spacing factor, 
o', = dn/21n;" or "design ratio, r , = 1n/ 
L1-1;" in the log-periodic design formu-
las, which can be obtained from refer-
ences 1-5 and 11. We shall, however, pro-
ceed with our no-math design method. 

10. Refer to fig. 2 and accurately meas-
ure 7.2 feet (2.2m) from the center of 
element E1 (point X) down X-Y and 
mark the position with a dot. This point 
will be the location of the second ele-
ment, E2. Now draw E2 and measure its 
exact length between the sides of the 

12. Continue the mark-draw-measure-
divide procedure, very accurately, to 
obtain the remaining spacing distances 
and element lengths until the last and 
shortest element is reached, which 
should be close to 10.4-feet (3.2-m) 
long and should be approximately ±1 
foot (30cm) from our boom target 
length, depending on how accurately 
the measurements have been made and 
drawn. We now have all element lengths 
and spacing distances for a 17-element 
log-periodic for 14-30 MHz having a 
boom length of approximately 69 feet 
(21m). As measured by the protractor, 
the apex angle is approximately 20 
degrees. Considering this angle, number 
of elements, and the boom length, this 
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L-P should give a forward gain of ap-
proximately 10 d B if the antenna is 
one-half wavelength above ground, or at 
least 3 5 feet (10.7m) on 20 meters. 

A l though 17 elements are good from 
an swr standpoint, a smaller number of 
elements can be used, as mentioned 
later. Twelve to 13 elements are generally 

ratio L(E)/3 is used, resulting in only 11 
elements. A s 12 to 13 elements are a 
min imum for a 2:1 bandwidth, fig. 5 is 
generated using a ratio L(E)/3.8, which 
gives 13 elements. This should be the 
opt imum of the four L-Ps all having 
approximately the same final boom 
length and apex angle. 

fig. 6. Same design as in 
fig. 5 except with mini-
mum boom length (53 feet 
or 16.2m). Gain is approxi-
mately 8 dB. 

ELEMENT LENGTH SPACING DISTANCE 
FT M FT (Ml 

E1 36.0 (11.O) SI 7 2 (2.2) 
f £ 3Z.S <9.91 S2 6.5 (2.01 
E3 2 9 4 (a .9) S3 5.9 (IB) 
E4 26.8 <8 II S4 5 4 (1.6) 
E5 24.3 (7.4) S5 4.8 (1.4) 
E6 22.0 <6.7) 56 4.4 (1.3) 
E7 20.0 (6.1) S7 4.0 (1.2) 
E8 18.0 IS.5) SB 3.6 (I.I) 
£9 16.3 (SO) S9 3.2 (0.96) 
EIO 14 8 (4.S) SID 3.0 (0.90) 
Ell 13.2 (4 1) Sll 2.6 (0.78) 
£12 12.0 (3.7) SI2 2 4 (0.7-2! 
£/3 10.6 (3.3) 

TARGET BOOM LENGTH 
54 FT (I6.5M) 

the min imum required for an L-P de-
signed to cover an octave. Using less 
than 17 elements will reduce weight, 
cost and labor. 

a 14-element design 
Fig. 3 illustrates a similar 14-30 M H z 

L-P also using a 70-foot (21.3m) boom 
target length but instead of the ratio 
L(£)/5, a ratio of L(E)/4 is used, result-
ing in 14 elements. Note that the boom 
length is almost exactly 70 feet (21.3m) 
and the apex angle remains the same as 
the 17-element L-P, fig. 2. 

11- and 13-element designs 
Fig. 4 is an equivalent L-P but the 

A n y one of these designs would have 
about equal forward gain; however, the 
11-element design wou ld probably not 
have as smooth or flat an swr across its 
bandwidth due to a m in imum number 
of elements vs bandwidth. The swr 
might exceed 2:1 on some frequencies. 

The 13-element array is one of the 
L-Ps assembled and being used here. 
Note that an odd number of elements is 
suggested from a mechanical assembly 
standpoint, as explained in some of my 
previous articles. 

F rom the four L-Ps illustrated in fig. 
2, 3, 4 and 5, it will be noted that the 
elements vary as follows: 11 for L(E)/3, 
13 for L(E)/3.8, 14 for L(E)/4, and 17 
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for L(E)/5, each having essentially the 
same boom length and apex angle. Each 
should give approximately 10 dB gain. 

14-30 MHz log-periodic with 
minimum boom length 

If space is not available for a 70-foot 
(21.3m) boom length, the minimum 
length of 54 feet (16.5m) (E l x 1.5) can 
be assembled per fig. 6. The ratio of 
L(E)/5 is used, which gives 13 elements. 
Since this antenna has a length only 1.5 
times that of the rear element (or approx-
imately 3/4 wavelength boom length), 
and the apex angle is 36 degrees, its gain 
will probably not exceed 8 dB. 

14-30 MHz L-P with 100 foot 
(30.5m) boom length 

For those desiring maximum gain 
from an L-P for 20, 15 and 10 meters 
and if space is available, the 14-30 MHz 
L-P boom length can be extended to 
approximately 100 feet (30.5m) as illus-
trated by fig. 7 which, if properly 
assembled and suspended at least 40 
feet (12.2m) above ground, will give a 
gain of 12 dB. 

L{E)/3.3 was used for generating this 
L-P. The boom target length was 100 
feet (30.5m). For this drawing the last 
element, E17, is 101 feet (30.82m) from 
the rear element starting point, which 
overshot our target by 1.1 foot (34cm). 
Sixteen elements could be used, which 
would be 98.0 feet (29.9m), but as 
mentioned previously, an odd number 
of elements is desirable from a mechani-
cal standpoint; therefore, the extra 1.1 
feet (34cm) should be acceptable. 

gain vs boom length 
and apex angle 

By the graphic design method we 
have generated three 14-30 MHz dipole 
log-periodic antennas having three dif-

ferent boom lengths, apex angles and 
gain: 

boom length 
feet meters 

54 16.5 
70 21.3 

100 30.5 

apex angle approximate gain 
(degrees) (dB) 

36 
20 
15 

8 
10 
12 

Thirteen elements are suggested for 
the shorter 50- and 70-foot (15.2 and 
21.3m) L-Ps and 17 elements for the 
100-foot (30.5m) length. I have tried all 
three configurations. A 70-foot (21.3m) 
L-P is used for my northeast beam and 
the 100-foot (30.5m), 17-element array 
for the beam directed west, which has 
given outstanding performance. 

Since the 10-meter band may not be 
of interest now due to propagation con-
ditions, this portion of the L-P designs 
can be eliminated by deleting elements 
shorter than 15 feet (4.6m); i.e., for the 
13 element L-P, fig. 5, elements 10, 11 
12 and 13 can be deleted, reducing the 
length by 14.3 feet (4.4m) leaving a 

9-element L-P covering 14-21.5 MHz for 
20 and 15 meters. 

For the shortest L-P, fig. 6, deleting 
the four forward elements would reduce 
the length by 10.9 feet (3.3m) or a 
boom length of 41.2 feet (12.6m). This 
20- and 15- meter beam could then be 
erected in a space 40 x 45 feet 
(12.2x13.7m). Likewise, for the 100-
foot (30.5-m) L-P, fig. 7, elements 12, 
13, 14, 15, 16 and 17 can be deleted, 
reducing its length 23 feet (7m), leaving 
an 11-element L-P with boom length of 
78.2 feet (23.9m). The deletion of the 
10-meter section of these L-Ps will have 
little effect on the gain on 20 and 15 
meters, since the apex angle is un-
changed. 

40- and 20-meter log-periodics 
The same graphic approach can be 

used for designing an L-P covering 7-
14.5 MHz for operation on 40 and 20 
meters; however, by doubling the ele-
ment lengths, spacing distances, and 
boom length of the 20-, 15- and 10-
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meter L-Ps (fig. 2 through 7), 40- and 
20-meter L-Ps can be assembled, except 
possibly that of fig. 7, since it would be 
over 200 feet (61m) long, The L-Ps of 
fig. 2, 3, 4 or 5 would become 140 feet 
(42.7m) long; however, the shortest 
L-P, (fig. 6), would be only 108 feet 
(32.9m) long. 

By adding four or five short for-
ward elements and extending the boom 
length slightly, a 40- and 20-meter L-P 

In reference 7 a single-band L-P for 
40 meters was described which has 
been tested here. Single-band L-Ps can 
be assembled for any of the high-
frequency bands using the graphic de-
sign method. Five elements are suffi-
cient and the swr remains relatively flat 
across the band for which the antenna is 
designed. A total of five different single-
band L-Ps have been tested here on 
several bands. With an apex angle of 32 -
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fig. 7. Big Daddy — ari L-P with 17 elements and a boom length of 
101.1 feet (30.8m). Gain is approximately 12 dB. 

FT M F T (U) 

£ 1 36.0 (II.O) S I 11.0 13.3) 
E2 33.0 (10.0) S 2 IO.O (3.0) 
E3 30.S (9 3! S 3 9.3 (2.8) 
E4 280 (8.5} S 4 8.5 (2.6) 
E5 EE.O (7.9) SS 7.9 (2.4) 
E6 2 4 . 0 (7.3) $6 7.3 (2.2) 
£7 2 2 . 0 (6.7) S7 6.7 (2.0) 
ES ZO.O 16.11 SB B.I ().9> 
E9 1 8 . 5 (5 7) S9 5 . 7 (1.7) 
EIO e.o (3.7) SIO 5 . Z (1.6) 
ELL I5.E (4.81 SLL 4.8 (1.5) 
EI2 14. S (4.5) SI2 4.4 (1.3) 
EI3 13.3 (4.1) SIS 4.0 (1.2) 
ei4 IZ.E (3.8) SI4 3.7 (I.I) 
E/5 11.3 (3.S) SIS 3.4 (1.03) 
EI6 10.4 (3.2) S16 3.1 (0.94) 
EL 7 9 5 (3.0) 

can be modified to cover 7 to 21.5 MHz 
for operation on 40, 20 and 15 meters, 
which are probably the most-used bands 
at present. A 40-, 20- and 15-meter L-P 
was described in reference 7, which was 
of the skip-band type having a portion 
deleted between 7 and 14 MHz. An L-P 
for 40 meters should be at least 70 feet 
(21.3m) high for DX work. 

For those wishing to design an L-P 
covering a bandwidth greater than a 
single octave, 12 to 13 elements are about 
the minimum that should be used. Addi-
tional elements can be used as the boom 
length is increased. For a 3:1 band-
width, no less than 18 or 19 elements 
will be required; for 4:1 approximately 
21 will be required. 

36 degrees, the single-band L-P will 
generally show a gain of 8 to 10 dB 
provided it is suspended approximately 
one-half wavelength above ground. 

vertical monopole 
log-periodic antennas 

The vertical monopole L-Ps for 40 and 
80 described in reference 9 were also 
assembled by the graphic design 
method. The ratio L(E)/5 is best for a 
single-band, 5-element dipole or mono-
pole L-P since element E2 will be spaced 
approximately one-quarter wavelength 
from the shortest element; and the 
open-wire center feeder, which is one-
quarter wavelength from the feedpoint 
to E2, or the active element, also serves 

22 QS may 1975 



as an impedance-matching transformer 
between element E2 and the higher 
impedance at the feedpoint, which is of 
the order of 200 - 300 ohms. Thus a 4:1 
balun can be used.12 

summary 
Of the nearly twenty different log-

periodic antennas I have built and 
tested, all but the first three (erected in 
1 9 7 0 ) have been designed by the 
graphic method. Although this simple 
procedure may seem crude, and may 
not be as accurate as an L-P designed 
entirely by the formulas, all antennas 
have produced the same results. In addi-
tion to the dipole log periodics, I have 
erected and tested three of the mono-
pole L-Ps, w h i c h have quarter -
wavelength vertical radiators and ground 
radials. These were tested on 40and 80 
meters. My graphic design method has 
also been applied to two of the trapezoi-
dal sawtooth and zig-zag log-periodic 
designs now being tested on 20 and 15 
meters. 

I hope the simple non-math graphic 
design method will be of help to those 
wanting a special L-P for a particular 
frequency range or to fit in a limited 
space. To obtain maximum gain, make 

the L-P as long as possible for the given 
space; this will in turn give a minimum 
apex angle. Also use a sufficient number 
of elements to keep the swr relatively 
flat across the band for which the an-
tenna is designed. 

If you plan an L-P for 20, 15 and 10 
meters, try to make the boom at least 
54 feet (16.5m) long and use a mini-
mum of 13 elements. If you are not 
interested in the 10-meter band, it 
would be better to design the L-P to 
cover 14 to 22 MHz only for 20 and 15 
meters, using the 54-foot (16.5-m) 
boom length for a 9-element 14 to 22 
MHz L-P. This would reduce the apex 
angle to 32 degrees and the gain would 
be approximately 10 dB vs 8 dB for the 
20% 15- and 10-meter antenna on the 
same boom length. 
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four-element 
phased vertical array 

Design and construction 

of a four-element 

phased array 

for 40 meters 

that provides nearly 

9 dB forward gain 
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For the last ten years, during the Ant-
arctic winter, I have been handling 
phone-patch traffic from KC4-land on 40 
meters. At this end I have been using a 
pair of phased verticals. In Antarctica 
they have used log periodics, vees, 
rhombics and monopoles. I usually re-
ceive good signal reports, but their 
signals are often buried in summer static 
and difficult to copy. 

I have often tried to get the opera-
tors in Antarctica to try phased vertical 
antennas, but they change crews every 
year, and no one was apparently very 
interested. Then, three years ago, I 
began working Byrd Station nearly 
every night with Bob Conner, and I told 
him that I thought a set of phased 
vertical antennas would solve their 
problem. 

When he came back for two-years 
stateside duty we got together and plan 
ned that when he went back to Ant-
arctica in 1974 we would try out the 
idea. I outlined the plan for the vertical 
array, and we discussed it thoroughly, 
planning to ship everything to Ant-
arctica, down to the last solder lug. 
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The Navy bought four trapped ver-
tical antennas, Hy-Gain 14AVQs, and 
Bob got the necessary wire and fasteners 
to mount them. The logistics turned out 
to be a real cliff hanger with the an-
tennas barely making it on board the 
last plane into McMurdo Station. It was 
a great deal of work in the icy weather, 
but finally, on February 9th, 1974, one 
vertical was installed. Bob was pretty 
discouraged, though, because the single 
vertical picked up so much noise from 
the big, nearby Navy installation that it 
was unusable. I told him to be patient 
and put up another one a half-
wavelength away and hook them up as a 
broadside array. On February 11th the 
signals from McMurdo came through 
loud and clear, and Bob said that the 
interference had dropped almost to zero. 

o o e 
fig. 1. Horizontal radiation pattern of half-
w a v e l e n g t h spaced vertical antennas is 
shown in (A). Pattern at (B) is that of 
quarter-wavelength spaced verticals. At (C) 
is pattern of the four-element phased array 
discussed here. 

By arranging the location of a phased 
array and properly orienting it, noise 
can be cut as much as 40 dB. In fact, 
this was the original reason I had gone 
to phased verticals. The noise from the 
7200-volt utiMty line at my back pro-
perty line, 12 feet (3.7 meters) from the 
antennas, put a steady buzz into my 
receiver at about S6. When I installed 

the phased array, the noise dropped 
practically to zero. 

When the four vertical antennas were 
installed at McMurdo Station, their 40-
meter signals began coming in about 
0700 GMT at 10 to 40 dB over S9. 
Everyone there (and here) was ecstatic, 
and stations all over the states began 
breaking-in to tell the KC4USV opera-
tors their signals had never been so loud. 
Note that this was before the 40-meter 
season normally opened. We did not 
expect to use 40 meters except for tests, 
and had planned to meet on 20 meters 
for coordination. We did not expect 40 
to be usable until sometime in April. 

the array 
The broadside array with half-

wavelength spacing has very broad nulls 
on the side and a narrow 60° beam 
which takes out noise on either side 
quite well (fig. 1A). The forward gain is 
about 3.86 dB. Quarter-wavelength 
spacing of the verticals results in a cardi-
oid pattern (fig. 1B); the beam width is 
about 120° and the only good null is 
toward the rear. However, this pattern 
has a lower forward angle of radiation, 
and is best for extreme distances. For-
ward gain is about 4.5 dB. 

Combin ing the half-wavelength 
spaced broadside array with the quarter-
wavelength spaced system (fig. 2) pro-
vides nearly 9 dB forward gain. This is 
better than a three-element beam and at 
a lower angle unless you have a real 
man-sized tower. The pattern is similar 
to that of a Yagi (fig. 1C). 

construction 
A plan view of the four-element 

phased array is shown in fig. 3. The 
phasing lines between the quarter-
wavelength spaced elements (A-D and 
B-C) are 3/4-wavelength long because, 
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when the velocity factor of the RG-8/U 
coaxial cable (0.66) is taken into con-
sideration, a quarter-wavelength coaxial 
line is too short to reach between the 
elements. The 3/4-wavelength phasing 
line provides the same phase delay. 

DIRECTION OF 

fig. 2. The four-element 40-meter phased ar-
ray used at KC4USV uses four Hy-Gain 
14AVQ trapped verticals. 

electrical ground. This is ideal for a 
ground plane. One radial was installed 
on the far side and five radials on the 
near side to support the antennas and 
provide the best ground plane toward 
the desired direction {see fig. 3). The 
radials are each insulated at the outer, 
high-voltage ends. 

performance 
Because of poor performance in pre-

vious years, in 1974 the Navy installed a 
Col l ins log-periodic on a 100-foot 
(30.5m) tower. We tested the phased 
array twice against the big log-periodic, 
once under good conditions, and once 
under the poorest conditions. The log-
periodic had less than 3 dB advantage 
over the phased vertical array. The old 
40-meter beam, used for years, sounds 
pitiful by comparison. 

Although a tee connector is shown 
between the two half-wavelength spaced 
elements (A and B), in the installation 
at McMurdo Station the tee connector is' 
actually located inside the station. Be-
cause of the severe weather conditions 
during the winter, and frequent 100 
mph (160 kmh) winds, this system 
allows either quarter-wave spaced pair 
to be used separately in case one of the 
verticals of the other pair is brought 
down or damaged by the wind. 

It would also be possible to feed 
antennas C and D with one feedline, and 
antennas A and B with another, placing 
the phasing line inside the shack. With 
this system the pattern of the array 
could be reversed. 

The antennas at McMurdo Station 
are mounted on a hill of volcanic ash 
and the electrical ground is down about 
30 feet (9m). It was originally planned 
to use ground radial mounting, but the 
volcanic ash has extremely low conduc-
tivity, and the antennas are mounted on 
about six feet (1.8m) of pipe, so they 
are located a quarter wavelength above 
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fig. 3. Dimensions of the 40-meter phased ar-
ray. Gain of this antenna is nearly 9 dB. 

A n unexpected bonus made the 
phased array even more valuable. Since 
the four verticals are trapped designs for 
operation on 40, 20, 15 and 10 meters, 
performance on 20 meters is good. By 
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dropping one cardioid section, the re-
ma in ing sec t ion becomes a half-
wavelength end-fire array on 20 (it also 
works well on 15 meters). Trapped an-
tennas were originally chosen because 
they were shorter, and less likely to be 

stalled temporarily as a half-wavelength 
spaced broadside pair so contact was 
resumed in a few days. When the ham 
shack was rebuilt the four-element 
phased array was placed back in opera-
tion. The big log-periodic on the 100-

The phased array at KC4USV is mounted approximately 6 feet (1.8m) off the ground on a sloping 
hillside so the rear pair of antennas is about 7 feet (2.1m) higher than the forward pair. This results 
in an extremely low vertical radiation angle. Standing by one of the antennas is Bob Conner, 
WB2BCJ, who installed the array at McMurdo Station in Antarctica. 

blown down in high winds, so multi-
band operation of the array was an 
added bonus. 

postscript 
On July 22nd, 1974, an ice storm hit 

McMurdo Sound with winds to 138 
mph (222 kmh), tearing off the roof 
and one wall of the ham shack. The 
storm also took out the large elements 
of the big log periodic, making it un-
usable on 40 meters. The four 14AVQ 
verticals in the array, however, were 
completely undamaged. 

A l l the amateur radio gear was 
moved to another building and two 
spare 14AVQ vertical antennas were in-

foot tower, on the other hand, had to 
wait until summer. 

As a sidelight, to show what the 
weather is like at McMurdo Station, on 
August 8th a plane came in from Christ 
Church, New Zealand, 2000 miles away, 
air dropped nine sacks of mail, weighted 
with sand, from about 400 feet (122m) 
and returned non-stop to New Zealand. 
One bag broke open and three others 
were carried away by the wind. Two of 
the three bags were found 20 miles 
(32km) away and one was finally re-
covered 45 miles (72km) away. The 
mail from the broken bag was only 
partially recovered! 
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element spacing 
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It's not necessary 
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reflector surfaces — 
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The subject of parabolic reflector ele-
ment spacing is like the weather — 
nearly everybody talks about it, but few 
people do anything about it. One reason 
is that there are a large number of 
parameters relating to good parabolic 
antenna design, and the matter of reflec-
tor element spacing seems to have been 
lost in the shuffle.* 

It is possible to avoid the issue of 
reflector spacing by adding metal 
screening or using a solid metal surface 
as many builders have done.1,2 Some of 
these designs however, take special skills 
and the cost is likely to be high. As an 
alternative, an all-metal dish can be pur-
chased on the surplus market. 

"Sometime after preparing the material for 
this article, author WA9HUV discussed it with 
Edward F. Harris, Chief Engineer with Mark 
Antennas, and discovered that Harris had 
done similar work in the 1950s. His report, 
"Designing Open-Grid Parabolic Antennas," 
appeared in the November, 1956, issue of 
Electronic Industries magazine. 
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On the other hand, several low cost 
parabolic-reflector designs employing 
aluminum tubing have appeared in ama-
teur radio magazines in recent years.3,4 

The question is, are these designs really 
inferior to solid reflector designs, and if 
so, to what extent? What are the per-
formance compromises one is willing to 
make when consideration is given to 
cost, mechanical strength and stability, 
p o r t a b i l i t y , ease of construction, 
mounting, wind-loading and weight? 

It seems reasonable to assume that if 
the elements of a reflecting screen are 
located extremely close together in 
terms of operating wavelength, then 
most of the incident energy will be 
reflected and very little will be trans-
mitted through the screen. On the other 
hand, if the reflector elements are many 
wavelengths apart, it seems clear that a 
large portion of the incident energy 
should pass through uninhibited. By 
intuition, it does not seem likely that a 
screen of reflectors suddenly becomes 
completely reflective at some critical 
value of element spacing. It also follows 
that the screen probably does not be-
come completely transparent when this 
critical value of element spacing is 
slightly exceeded. Just how does the 
reflective property vary with element 
spacing? 

In an attempt to answer these ques-
tions I performed a series of experi-
ments. The results, which are the sub-
ject matter for the balance of this 
article, should be of interest to future 
builders of parabolic reflectors. 

test setup 
To perform the experiments, a wood-

en frame 20-inches (51-cm) wide was 
made of furring strips. Holes were drill-
ed in the sides of the frame 3/4-inch 
(19-mm) apart so that 24-inch (61-cm) 
long a l u m i n u m tubes , 7/16-inch 
(11-mm) OD , could be inserted and 

stacked like a Venetian blind, with the 
elements separated by 3/4 inch or any 
multiple of 3/4 inch. A sketch of the 
frame is presented in fig. 1. 

Two kinds of experiments were per-
formed, one to test the transmission and 
the other the reflective properties of the 
screen as element spacing was varied. A 
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fig. 1. Sketch of wooden frame used to vary 
the space between reflector elements. Test 
setups are shown in fig. 2 and 3. 

battery-operated 2304-MHz small-signal 
source driving a circular horn antenna 
was used as the transmitter. 

A similar horn antenna was used to 
feed a 2 3 0 4 - M H z converter. The 
2304-MHz test frequency was chosen so 
that the reflecting screen could be kept 
reasonably small. If the experiment 
were performed at 432 MHz, for exam-
ple, much longer reflector elements and 
a physically larger frame would have 
been required. 

In the second set of experiments 
both the receiving and transmitting horn 
antennas were located on the same side 
of the reflector, side-by-side, and orient-
ed so that maximum reflected signal was 
received. When the reflector was re-
moved, the crosstalk between horns was 
too small to operate the S-meter in my 
receiver. The elements of the screen 
were then added in various combina-
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tions of spacing, and the S-meter read-
ing recorded for each case. 

test results 
In the first set of experiments in 

which the receiving and transmitting 
antennas were separated by the screen, 
very little signal reached the receiving 
antenna for element spacings up to VA 
inches (38mm). A t 2% inch (57mm) 
spacing, the screen became slightly 
opaque, while at 4 inches (102mm) it 
was almost completely transparent. It is 
interesting that for the 3-inch (76 mm) 
spacing, approximately half of the inci-
dent energy was transmitted through 
the screen. Fig. 2 shows the results of 
these tests. 

Fig. 3 shows the results of the second 
set of tests. With spacings up to 2V* 
inches (57mm), most of the transmitted 
signal power was reflected into the 
receiving horn. With 3-inch (76mm) 
spacing, half the power was reflected 
and half was transmitted through the 
screen. This correlates very well with 
the first set of experiments. For spac-
ings of 3-3/4 inch (95mm) or more, 

nearly all of the incident energy passed 
through the screen. 

data analysis 
The data shows clearly that the 

screen is a good reflector for element 
spacings less than 3 inches (76mm) at 

ELEMENT SPACING (INCHES) 

fig. 3. Reflection characteristic at 2304 MHz 
as a function of reflector element spacing. 

ELEMENT SPACING IINCHES) 

fig. 2. Transmission characteristic at 
2304 MHz as a function of reflector ele-
ment spacing. 

2304 MHz, and a poor reflector for 
spacings greater than 3 inches (76mm). 
T h e space between the 7/16-inch 
(11mm) O D aluminum tubes for a 3-
inch (76mm) center-to-center spacing is 
2.5625 inches (65mm). Recognize that 
a free-space half-wavelength at 2304 
M H z is very nearly the same value, or 
2.563 inches. Further thought suggests 
that the adjacent elements may operate 
on much the same principle as a trans-
verse magnetic (TM) mode waveguide.5 

To test this idea, note that the cutoff 
frequency in such a case depends on the 
dimensions of the waveguide in the 
following manner: 

-x 2 ab A c = 
V a 2 + b 2 
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This equation can be illustrated geo-
metrically as shown in fig. 4. Note that 
as the a dimension is increased to infini-
ty, which is the case of parallel reflector 
elements, then Ac/2 approaches b. This 
is exactly the result that the experi-
ments led to. In other words, by 
definition, the cutoff frequency of a 
curtain of parallel reflector elements 
occurs when the space between adjacent 
elements is one-half wavelength. 

This interesting result also implies 
that the diameter of the reflectors has 
little to do with the cutoff frequency, 
since it is the open space between the 
reflector elements that is significant. 
Therefore, the analysis also applies to 
tubes of different diameters as well as to 
reflector elements having different 
cross-sectional shapes. 

The experiments also show that at 
the cutoff spacing, the loss in terms of 
percentage of power transmitted is 3 dB. 
This can be interpreted to indicate 
that the illumination efficiency of a 
parabolic reflector with element spacing 
corresponding to the cutoff frequency 
would be 50%. For example, assume a 
dish diameter of 12 feet (3.7 meters) 
operating at 2304 MHz; its gain, if it 
was well designed in all respects, is 
given by6 

Gain = 0 . 5 9 ( f ) 2 = 0.59 

= 4703 or 36.7 dB 

where D is the diameter of the reflector, 
X is the operating wavelength and the 
coefficient 0.59 accounts for the illumi-
nation efficiency of a well designed 
dish. If the element spacing was the 
critical value, however, allowing half the 
incident power to pass through the ele-
ments, the dish gain would be 3 dB less, 
or 33.6 dB. The overall efficiency of 
such a dish would be 29% instead of 59%. 

It is interesting to note that, even 
with losses of this magnitude, the ERP 
of this dish would be over 10 kWwhen 

fed with 5 watts. If the element spacing 
was reduced to 2 inches (51mm) how-
ever, the ERP would increase to over 20 
kW at 2304 MHz. 

economical 432-MHz design 
On the basis of these experimental 

and analytical results, a parabolic reflec-
tor can be built for 432 MHz having 
only 1 dB reflector loss if the elements 
are spaced 12 inches (30.5cm) apart. In 
this case, only 13 reflector elements are 
needed for a 12-foot (3.7-meter) dish. 

b 

«a Q •— • 

fig. 4. Geometry of the transverse mag-
netic mode ( T M f ] } in rectangular wave-
guide (see text). 

The design would be very lightweight 
and would have relatively low wind-
cross section. Compared to the ideal 
dish made of solid sheet metal, this dish 
would have an illumination efficiency of 
47% instead of 59%, and a gain of 21 dB 
instead of 22 dB. 

1296-MHz dish design 
It is interesting that 7-foot (2.1-meter) 

parabolic receiving antennas manufac-
tured for TV use employ 4-inch (10.2 
cm) spacing. This makes them useful 
at 1296 MHz without the addition of 
hardware cloth or other metal screen-
ing if you are willing to accept approxi-
mately 1.0 dB reduction in gain com-
pared to a solid metal design. The gain 
of such a dish is 26 dB at 1296 MHz. If 
the loss of a dB makes you nervous, the 
dish diameter can be increased by 12% 
to compensate for the loss. Thus, a 
12-foot (3.6-meter) dish should be made 
13 feet (3.96 meters) in diameter, while 
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the 7-foot (2.1-meter) dish diameter 
should be increased to nearly 8 feet (2.4 
meters) to compensate for 1 dB of 
reflector transmission loss. 

It should be recognized that the par-
allel element dish is sensitive to polariza-
tion and will not work well with dual or 

mesh if made of 7 /16 inch (11 mm) 
diameter aluminum tubing. 

on the air tests 

The 12-foot (3.6-meter) parabolic re-
flector I use was put into service in 
1970. Initially, it was not covered with 

table 1. Center-to-center spacing of parabolic reflector elements for 1.0 dB loss of gain. 

reflector 
tubing diameter 
7/16" < l lmm) 
1/2" (13mm) 
5/8" (16mm) 
3/4" (19mm) 

I 432 
12.000" (305 .0mm) 
12 .063" (306 .5mm) 
12 .125" (308 .0mm) 
12 .375" (314.5mm) 

• frequency (MHz) — 
1296 

3 .855" (98.0mm) 
9 .917" (99.5mm) 
4 .042" (102.5mm) 
4 .167" (106 .0mm) 

2304 I 
2 .168" (55 .0mm) 
2 .230" (56.5mm) 
2 .355" (60.0mm) 
2 .480" (63.0mm) 

circularly polarized feed systems such as 
may be desirable for EME or satellite 
communications. However, it is entirely 
feasible to use a second set of reflectors 
at right-angles to those already de-
scribed to eliminate polarization sensi-
tivity. Such a dish, if designed for 432 
MHz, for example, would have a surface 
resembling a 12x12-inch (30x30cm) 

screening. Tests performed before and 
after adding expanded aluminum screen-
ing both on 432 MHz and 1296 MHz 
did not indicate any difference in per-
formance or gain. 

M o r e recently, comparative tests 
were run with and without screening on 
2304 MHz, and a small reduction in gain 
was noticed. The radiation patterns on 

fig. S. Azimuth patterns of WA9HUV's 12-foot (3.6-meter) parabolic reflector at 432, 1296 and 
2304 MHz (photograph of dish is shown at beginning of article). 

32 QS may 1975 



all three bands did not change however. 
Fig. 5 shows the patterns of the 12-foot 
dish without screening for 432, 1296 
and 2304 MHz. These patterns were 
taken with the aid of battery-operated 
signal sources located approximately 0.2 
mile (0.32 km) from the dish, and ele-
vated above ground to the same height 
as the center of the dish. The pattern 
test conditions were fairly ideal since 
the line of sight path was unobstructed, 
giving essentially free-space conditions. 

summary 
Probably the most simple and effec-

tive parabolic reflector design is the one 
described in this article. The reflecting 
elements should be oriented parallel to 
the direction o f polarization of the ex-
citing wave. Thus, for horizontal polari-
zation which is in most general use for 
amateur purposes, the elements of the 
parabola should be oriented horizontal-
ly. The space between elements should 
be less than a half wavelength at the 
highest operating frequency. To reduce 
the loss through the reflector to 1.0 dB, 
the space between reflectors should be 
approximately 0.439X. Table 1 shows 
center-to-center spacing for various sizes 
of tubing for frequencies of 432, 1296 
and 2304 MHz. 
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how to design 
shunt-feed 

systems for 
grounded vertical radiators 

A graphical 

design system 

for using your tower 

as a shunt-fed 

vertical antenna 

Vertical antennas have several advan-
tages over horizontal dipoles on the 
lower amateur bands, especially in those 
cases where the dipole cannot be raised 
at least one-half wavelength above 
ground. A recent article showed how to 
use a 54-foot (16.5m) tower, top loaded 
with a quad or Yagi, as a grounded 
vertical radiator on 40 and 80 meters.1 

However, to properly design the shunt-
feed matching system for these two 
lower bands required the use of a good 
quality impedance bridge. Once the 
complex input impedance had been 
determined, a graphical method was 
used to calculate the components re-
quired to match that impedance to a 
50-ohm transmission line.2 

This antenna system generated a 
great deal of interest, but since few 
amateurs have access to an RX impe-
dance bridge, they were unable to use 
this technique to adapt their own 
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towers for use on the lower amateur 
bands. For this reason I decided to 
make a series of measurements which 
would be used to generate a set of 
graphs which would simplify the design 
of shunt-fed vertical radiators. These 
graphs are presented in this article. 

First, a series of antenna tests were 
conducted by scale modeling to deter-
mine the electrical height of towers which 
are capacitance loaded by a typical Yagi 
beam or cubical quad. Further tests were 
conducted to determine how long the 
gamma-type shunt feed rod had to be to 
permit the use of a practical L-network 
for matching to 50-ohm coaxial cable. 

A l l tests were made with an 
aluminum-tubing gamma rod about 1 
inch {25mm) outside diameter, spaced 
10 ±2 inches (20.3 to 30.5cm) from one 
leg of the tower. This size was chosen 
for maximum physical and electrical 
stability as well as high conductivity. 
The resultant design curves show the 
electrical height of the tower, required 
gamma rod length, and series capaci-
tance, C s , required to cancel the induc-
tive reactance of the gamma rod. The 
parallel matching capacitance, Cp , is 
also given (fig. 1). The series and parallel 
capacitors should both be air variables 
so the matching system can be adjusted 
to provide as low vswr as possible. 

using the curves 
The graph of fig. 2 shows the rela-

tionship of physical height to electrical 
height of a thin wire (calculated from 
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2 3 4 / f M H z ) , measured electrical height 
of a V/a-inch (38mm) diameter conduc-
tor (which coincides very closely with 
the predicted electrical height of a thin 
conductor), and a tower 1 to 2 feet (30 
to 61cm) in cross section, top loaded 
with a Vagi or cubical quad. If you wish 
to use your present tower as a vertical 
antenna for the lower bands, you can 
determine its electrical height from the 
data presented in fig. 2. 

The data in fig. 3 is for use on the 
amateur 7-MHz band and shows the 
length of the gamma rod and required 
series capacitance for towers up to 90 
feet (27 meters) high (about 3/4 wave-
length on 40 meters). Towers which are 
taller than this will produce a large lobe 
of high-angle radiation that reduces the 
radiation at lower vertical angles. Some 
shorter towers may actually be shorter, 
physica l ly , than the recommended 
gamma rod; in that case more parallel 
capacitance will be required to match 
the system to 50 ohms. Fig. 4 shows the 
same type of data for the 80-meter band 
(towers higher than 180 feet [54 me-
ters] exhibit the large, high-angle lobe). 

The data in fig. 5 is for use on the 
160-meter band. Note that a tower 
which has an electrical height of 90 feet 
(27 meters) requires a gamma rod which 
is 60 feet (18 meters) long. Since a 
43-foot (12m) tower with a Yagi repre-
sents an electrical height near 90 feet, a 
60-foot gamma rod is obviously an im-
possibility. The use of a shorter gamma 
rod and more parallel capacitance may 
provide a match to 50 ohms, but in this 
case an rf bridge and graphical solution 
will save a lot of ttme.3 

Note that for towers with electrical 
heights near 53 and 70 feet (16.2 and 
21.3 meters), a gamma rod approxi-
mately 20 feet (6.1 meters) long will 
provide operation on both 80 and 40 
meters (the rod is about a quarter-
wavelength long on 80 meters, one-half 
wavelength long on 40). For operation 
on both 80 and 160 meters, a similar 
coincidence occurs for towers which are 

electrically near 110 and 135 feet (35.5 
and 41.1 meters) high. In this case a 
gamma rod approximately 40 feet (12.2 
meters) long will provide operation on 
both bands. In either of these dual-band 
systems adjustments of the parallel 
tuning capacitor, C p , will compensate 
for differences from the specified 
gamma rod length. 

fig. 1. System for N 
using a tower as a 
shunt fed grounded 
vertical radiator on 
4 0 , 8 0 or 1 6 0 
meters. 

TOWER, TOP LOADED 
WITH QUAD OR YAGI 

/ / / / / / / / / / / / 7 ^ / / / / T / / / / / / / / / / / / / / / / / / / / / 

The electrical height of towers higher 
than 120 feet (36 meters) can be extra-
polated by adding about 35 feet (10 
meters) for a three-element 20-meter 
Yagi with a quarter-wavelength boom 
(about 16 feet or 5 meters); add about 
45 feet (13 meters) of electrical height 
for a multielement beam such as the 
H y - G a i n T H 6 D X X . A two-element 

40-meter beam adds 50 to 60 feet (15 
to 18 meters). Although cubical quads 
add about 25 feet (7.6 meters), multi-
element quad designs add little more 
because the elements are well away 
from the top of the tower and insulated 
from it. 
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matching capacitors 
Since the reactance of the series 

capacitor, Cs , is quite large except in 
those cases where the tower is approxi-
mately a quarter-wavelength high, this 
capacitor should have a breakdown rat-
ing of about 1000 volts for transmitters 
up to about 200 watts output. For 
transmitter powers of 2000 watts this 
capacitor should have a breakdown rat-
ing of 5000 volts or more. 

Where large capacitance values are 
recommended, it is suggested that at 
least half be variable with the rest made 
up with fixed padding. Note that both 
the stator and rotor of the series capaci-
tor must be isolated from ground. 

The ideal matching network for this 
antenna system would use two vacuum-
variable capacitors. These capacitors are 
not seriously affected by humidity or 
changes in barometric pressure, and 

PHYSICAL TOWER HEIGHT (METERS) 

t I I 1 1 1 L _ l 1 1 1 1 i « L. 1 r J _ 

m 0 \ 

•OWER WITH AG 1 TO » LOAC W G — ^ -
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a MEASURED l - l / Z \ 
(30 mm) O.O. \ 
ALUMINUM POLE \ 

-

\ J 
-

-

• 

«t <J it p 
3 
£ u 

30 60 70 SO 
PHYSICAL TOWER HEIGHT (FEET) 

90 100 120 

fig. 2. Physical vs electrical height of towers top loaded with Yagi beams or cubical quads. 

The parallel matching capacitor, C p , 
does not require such a high voltage 
rating unless excessively high vswr is 
expected at full power. For a 200-watt 
transmitter, an old style BC capacitor 
with 700 to 1000 pF maximum should 
work nicely. For 2000 watts PEP the 
parallel capacitor should have a rating of 
1 5 0 0 volts minimum with current-
carrying capacity of seven amperes. 

they can be connected to small geared 
motors so they can be controlled re-
motely from the operating position. A 
300-pF vacuum variable rated at 7500 
volts, and a 1000-pF vacuum variable 
with a 2000 volt rating should handle 
practically any legal amateur transmitter 
with low vswr. 

A remote-control system that I have 
used for several years is shown in refer-
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ence 1. It's obviously a lot easier to 
remotely control the matching system 
from your hamshack than it is to traipse 
out to the backyard in snow, sleet and 
rain each time you want to shift your 
operating frequency. 

construction 
A typical gamma rod installation is 

shown in fig. 6. On my vertical antenna 
the gamma rod is mounted with PVC 

each side of the PVC pipe, about 1 inch 
(25mm) in from each end (see fig. 6). 
Stainless-steel hose clamps are run 
through the slits in the PVC pipe and 
around the vertical member.* 

If you wish, the same tower may be 
used on more than one lower-frequency 
band — simply install gamma rods on 
more than one leg of the tower. You 
can use separate capacitance matching 
systems or remotely controlled vacuum-

ELECTRICAL HEIGHT (METERS! 
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£ 
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90 

fig. 3. 40-meter vertical. Gamma rod length and series capacitance vs electrical height of tower. 
Recommended parallel capacitance to match 50-ohm transmission lines is 320 pF (at least 100 pF 
of which should be variable). 

insulators spaced about 10 feet (3 
meters) apart. The insulators are made 
f rom 1-inch diameter (25mm) PVC 
water pipe. The movable shorting bar is 
made from the same material as the 
gamma rod. 

To attach the PVC insulators to the 
gamma rod, first notch the ends so one 
end fits around one leg of your tower, 
the other end around the gamma rod. 
Then cut half-inch (13mm) long slits on 

variables, depending upon your operat-
ing requirements. A vertical tower 
antenna system which I use successfully 
on both 40 and 80 meters is described 
in reference 1. 

*The author has assembled several pages of 
how-to hints and additional constructional 
information which is available f rom him for 
the cost of printing and mailing. A self-
addressed, stamped envelope to the author 
will bring a summary of contents and cost. 
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ground requirements 
Remember that the vertical element 

is only one-half of a vertical antenna 
system — the vertical element must 
operate against a good ground plane or 
the ground losses will be so high that 
the antenna performs poorly. The so-
called ideal ground system consists of 

short vertical antennas, consult the ex-
cellent series of articles by W 2 F M I . 5 8 

The tower which you use to support 
your higher frequency antennas can 
easily be used as a practical antenna 
system for 40 , 80 and 160 meters. The 
graphs presented here will help you to 
design the necessary shunt-matching 
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fig. 4. 80-meter vertical. Gamma rod length and series capacitance vs electrical height of tower. 
Recommended parallel capacitance to match 50-ohm transmission lines is 650 pF (at least half 
should be variable). 

120 equally-spaced, quarter-wavelength 
radials, but even such an elaborate 
ground plane as this still introduces 
about 2 ohms of series loss resistance 
into the total radiation resistance. Since 
short vertical antennas are characterized 
by relatively low radiation resistance, 
ground resistance loss is higher, propor-
tionately, than it is with vertical ele-
ments which are quarter-wavelength or 
more. A complete discussion of ground 
system requirements is contained in re-
ference 4. For more information on 

system, but note that since conditions 
vary from one location to another, some 
adjustments will be necessary to obtain 
a low vswr. However, with an swr bridge 
installed near the base of the vertical 
(very short leads), alternately adjust the 
series and parallel tuning capacitors un-
til the reflected power approaches zero. 
If the amount of parallel capacitance for 
low vswr seems excessive, make the 
gamma rod slightly longer. 

The setting of the series capacitor is 
rather critical because reactance changes 
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ELECTRICAL HEIGHT (METERS) 

ELECTRICAL HEIGHT (FEET) 

fig. S. 160-meter vertical. Gamma rod length and series capacitance vs electrical height of tower. 
Parallel capacitance required to match 50-ohm transmission lines is approximately 1300 pF. 

sharply near zero so it may take several 
tries before you can get the capacitor 
set exact ly right. However, w i t h a good 
ground system, the shunt-fed grounded 
tower can provide a very ef f ic ient an-
tenna system for relatively l i t t le cost. 

GAMMA 
ROD 

SLIT IN 
aoTH SIDES 
OF PVC SPACER 

TOWER LEG 

GAMMA ROD SPACING PVC SPREADER 

fig. 6. Construction of the shunt feed system 
for grounded vertical radiators. The spacers 
are made from PVC water pipe. 
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high-gain 

1296-MHz Yagi Array 

Construction of a 

light-weight 

high performance 

104-element antenna 

for 1296 MHz 

The high-gain 1296-MHz array described 
in this article, which I call the "blow-
torch array" and which consists of eight 
13-element Yagis arranged in a circle, is 
light weight, presents little wind resis-
tance, can be rotated with a small TV ro-
tator, and provides gain equivalent to 
that of a 5-foot (1.5 meter) dish. The 
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Yagis, based on a design by W2CQH,1 use 
slightly shorter directors than he speci-
fied and are designed for use with low-
loss 75-ohm CATV coaxial feedline. 

yagi construction 
The parasitic elements of the Yagis 

are lengths of number-14 (1.6mm) 0D 
copperweld wire, soft-soldered to a 
boom made of %-inch (6.5mm) thick-
wall brass tubing, 36 inches (91.4cm) 
long as shown in fig. 1. The copperweld 
elements provide both physical strength 
and high electrical conductivity, both 
of which are required for effective 
operation. 

Before cutting the directors, make up 
a simple template as shown in fig. 2 so 
that each of the directors is precisely 
the same length. This is extremely im-

"Any specific information desired regarding 
this array can be obtained by enclosing a self-
addressed stamped envelope with inquiry to 
Paul F. Magee, W3AED, R2 Box 432, Berlin, 
Maryland 21811. 
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AWG NO. 14 COPPERWELO 

fig. 1. Layout of the 13-element Yagis used in the 1296-MHz blowtorch array. Details of 
75-ohm feed system are shown in fig. 3. 

portant because very slight differences 
in length will adversely affect the per-
formance of the antenna. 

The driven element is a delta-
matched dipole of number-14 copper-
weld which is soldered to the boom. 
The delta-matching system consists of 
two pieces of number-14 soft copper 
wire soldered to the dipole — this is fed 
by a balun made from two pieces of %• 
inch (6.5mm) OD copper tubing, VA 
inch (38mm) long, which are soldered 
on top of the boom as shown in fig. 3. 
Place the forward end of these two 
tubes as close as possible to the driven 
element to minimize lead length to the 
delta match. 

To hold the two balun tubes in the 
proper position while you are soldering 
them, bend a small piece of sheet alumi-
num into a vee which can be held loose-
ly in a vise. Note the short number-14 

stud which is soldered between the 
quarter-wavelength balun tubes — this 
provides a convenient place to solder 
the shield of the 75-ohm coaxial phasing 

Rear view of the 1296-MHz blowtorch array 
showing the waterproof enclosure which houses 
the quarter-wavelength matching transformers. 
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3-IS/ISl 
(10 cm) 

fig. 2. Use of a template is recommended to 
assure that each of the directors is precisely 
the same length. For best results, cut each of 
the directors slightly longer than necessary 
and file off the ends until each element just 
passes through the guage. 

line (be sure the phasing lines are con-
nected to the same side of the delta 
match on all eight Yagis). 

After the two copper balun tubes 
and all elements have been sofdered to 
the boom, strip off the outer jacket and 
shield from a section of 75-ohm TV 
feedling (which has a larger diameter than 
RG-59/U). Fold the balun wire into a U 
and insert it into the balun tubes. Con-
nect the center conductors to each side 
of the delta match. 

The antenna mount consists of a cen-
ter hub of 1/8-inch (3mm) thick galvan-
ized steel, 8 inches (20cm) in diameter, 
to which is attached a spider-shaped 
arrangement of 3/4-inch (19mm) alu-
minum tubes, each 31 inches (79cm) 
long. Short tabs on the top and bottom 
of the center hub provide space for the 

fig. 3. Construction of the 300- to 75-ohm 
balun used on each of the Yagis. The shield of 
the coaxial feedline is connected to the short 
stud. 

U-bolts which are used to attach the 
array to a mast. 

The aluminum tubes are attached to 
the hub with 10-32 screws and strength-
ening members made from 3-inch 
( 7 6 m m ) lengths of 1-inch (25mm) 
square aluminum channel (see fig. 4). 
The Yagis are attached to the ends of 
these tubes with special clamps which 

fig. 4. Construction of the antenna mount 
showing the center hub and eight aluminum 
antenna-support masts. Main mast is placed in 
front of the center hub and attached to it 
with U-bolts. 

allow the antennas to be oriented paral-
lel to one another. 

The Yagi clamps, shown in fig. 5, are 
made from 2-inch (51mm) lengths of 
1- inch ( 2 5 m m ) square aluminum 
channel which is attached to the alumi-
num tubes with small U-bolts made 
f r o m %-inch (6mm) threaded steel 
stock. Two small notched aluminum 
blocks are used to hold the antenna 
boom to the channel (cut the notch 
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slightly smaller than the diameter of the 
boom so the antennas are held very 
rigidly). 

Be sure to use brass nuts on the steel 
U-bolts. The combination of aluminum 
clamps and brass hardware doesn't seem 
to cause any problem as my array shows 
no ill effects although it has been ex-
posed to the salt air at my station for 
more than two years. 

matching harness 
The matching system for the blow-

torch array is made up of a system of 
50-ohm quarter-wave matching trans-
formers and 75-ohm coaxial feedlines 
16 half-wavelengths long (48 inches or 
122cm). A schematic diagram of the 
system is shown in fig. 6. Since the 
75-ohm matching lines are an integral 
number of half-wavelengths long, the 
75-ohm input impedance of each of the 
antennas is repeated at the opposite 

fig. 5. The Yagis are attached to the alumi-
num support masts with clamps (8 required) 
which allow all of the beams to be aligned In 
the same plane. 

fig. 6. Schematic diagram of the phasing sys-
tem used with the blowtorch array. Construc-
t i on of the quarter-wavelength matching 
transformers is shown in fig. 7. 

end. Since two 75-ohm feedlines are 
connected in parallel at points A, C, E 
and G, the impedance at each of these 
points is 37.5 ohms. This is transformed 
to 75 ohms by a 50-ohm quarter-wave 
transformer. These transformers are 
connected in parallel at points B and F, 
so the impedance at these points is 37.5 
ohms. This is transformed to 75 ohms 
w i t h another 50-ohm quarter-wave 
transformer (B-D and F-D). 

When connected in parallel at point 
D and t ransformed with another 
quarter-wave transformer, the input im-
pedance provides a close match to the 
75-ohm feedline. Note that the 8-wave-
length matching lines are not connected 
to adjacent antennas, but to antennas 
on opposite sides of the array. 

The quarter-wavelength matching 
transformers are soldered to a 3x5-inch 
(8x13cm) copper sheet as shown in the 
photograph of fig. 7. The outer conduc-
tor of each quarter-wave transformer 
consists of a 3/16-inch (5mm) OD 
copper tube, V/* inch (38mm) long. 
Short lengths of RG-58/U coax (strip-
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ped of the outer shield and jacket) are 
threaded through these tubes. Short 
stubs of number-14 wire, about 3/8 inch 
(10mm) high, at the feedline end of 
each of the transformers provides a 
convenient point for connecting the 
outer shield of the 75-ohm feedlines. 
The completed transformer is mounted 
in a waterproof enclosure which is in-
stalled at the center of the array. 

be checked individually before they are 
installed on the large array. First check 
the vswr and make adjustments as neces-
sary to the delta match for a vswr of 
1.2:1 or less. Then check the lobes on 
each side of the main pattern. If they 
are not at least 9 dB down, the antenna 
is not working correctly. This can be 
checked by connecting a low-power 
1296-MHz signal source to the antenna 

fig. 7. Quarter-wavelength matching transformers are made from 3/16-inch (5mm) OD cop-
per tubing. Letters coincide with the points noted in fig. 6. 

When soldering the tubes to the 
copper sheet make sure they are solder-
ed from one end to the other. You can 
use a small torch for this, if you wish, 
but I suggest a husky 200-watt soldering 
iron. When the transformer assembly 
has cooled off, the rosin flux can be re-
moved with lighter fluid. {Acid flux can 
also be used but thoroughly clean off 
any residue with hot water, baking soda 
and a tooth brush before you install the 
sections of RG-58/U.) 

testing 
Each of the 13-element Yagis should 

and measuring the relative field strength 
about 50 feet (15 meters) in front of 
the antenna. 

When the blowtorch array is com-
pletely assembled check the field 
strength about five feet (1.5 meter) in 
front of each Yagi; if the phasing system 
is working properly the field strength in 
front of each of the antennas should be 
the same. 

reference 
1. Reed E. Fisher, W2CQH, "A Successful 
1296-MHz Yagi," ham radio, May, 1972, 
page 24. 
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measuring complex impedance 
with an 

swr bridge 

Accurate impedance 

measurements 

can be made 

over a wide 

frequency range 

using a vswr bridge 

and the simple 

second-data method 
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Knowledge of the resistive and reactive 
components of a load is very useful in 
antenna work, but few amateurs, unfor-
tunately, have the necessary equipment 
for making the necessary measurements. 
The simple impedance bridges found in 
many amateur workshops will measure 
resistive loads from about 5 to 400 
ohms, and if the load is reactive, a true 
null will not be obtained. For low impe-
dances the readings of these simple in-
struments approximate the resistive 
component while for high impedances 
the readings approximate the total 
impedance. In between, the readings are 
a poor approximation to either. 

The RX meter, which can accurately 
evaluate both the resistive and reactive 
components of a load, on the other 
hand, is considerably more complex 
than the simple rf impedance bridge, 
and is somewhat more difficult to build 
and operate, especially above about 30 
MHz. A practical amateur RX meter 
described recently has relatively good 
sensitivity and a moderate impedance 
range and doesn 't require much drive 
power, but requires a separate induc-
tance assembly for each band of fre-
quencies.1 Other homebuilt instruments 
for measuring complex impedances are 
described in references 2, 3 and 4. 
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second-data 
impedance measurement 

Because of these problems and others 
most amateurs try to avoid the measure-
ment of unknown complex impedance. 
Fortunately, however, there is an alter-
native: the second-data method. This 
method permits relatively accurate 
measurement of complex impedance 
with a vswr bridge and an external 
resistor. Since most amateurs have vswr 
bridges this is a technique that should 
not be overlooked. Since vswr bridges 
which work to 600 MHz and above are 
readily available,5 this method has the 
additional advantage of extending the 
frequency range. 

a coaxial line is used, the series resistor 
should be installed as the center conduc-
tor of an appropriate adapter as shown 
in fig. 1. The vswr is then measured with 
and without this adapter in the line. 

For best results measurements should 
be made with a vswr bridge that has 
good linearity characteristics. The resis-
tance in series with the diode detectors 
within the bridge should have as high a 
value as possible, at least 10 kilohms. 
Check your vswr bridge for no return 
power {vswr = 1:1) with a good quality 
d u m m y load. You can check its 
accuracy at other standing-wave ratios 
by using standard composition resistors 
(with short leads) as loads. The vswr of 
the load is given by 

-SOLDERED TOGETHER 

vswr 
. II « "UXj" 

semes 
RESISTOR 

semes 
RESISTOR —•,—p n 

Zn 
or 

TWO PL-259 CONNECTORS 

fig. 1. Simple coaxial adapter for the series 
resistor is made from two back-to-back 
PL-259 connectors. 

In the second-data impedance meas-
uring system the vswr of the load is first 
measured in the normal fashion and 
then the vswr is measured with a resistor 
in series with the load. These two sets of 
data are adequate to specify the resistive 
and reactive components of the load. 
You merely look up the two vswr meas-
urements in a table such as that shown 
in table 1 and read off the resistive and 
reactive components. If you wish, the 
resistive and reactive values may also be 
plotted on a Smith chart, as will be 
discussed later. 

For measurements up to 20 MHz or 
so, the series resistor may be soldered in 
series with the load or clipped in. For 
higher frequency measurements or when 

whichever is greater than 1. Loads of 
either 150 ohms or 16.67 ohms, for 
example, will result in a vswr of 3.0:1 in 
a 50-ohm system. 

The vswr to series complex impe-
dance conversion information shown in 
table 1 for 50-ohm systems is based on 
the use of a 27-ohm series resistor. The 
resistive and reactive values were calcu-
lated with an- error of less than one 
percent and rounded off to the nearest 
ohm.* To illustrate the use of this table, 
assume that an unknown load exhibits 
a vswr of 2.4:1. When the 27-ohm 
resistor is placed in series with the load 
the measured vswr is 1.8:1. From table 
1, the resistive component of the load is 
33 ohms; the reactive component, 32 
ohms. 

#More detailed, computer-generated tables for 
both 50- and 75-ohm systems are available 
from the author for $4.00, postpaid. The 
tables are calculated for 27-ohm series resis-
tance with 50-ohm systems and 39-ohm series 
resistance with 75-ohm systems. 

may 1975 QB 47 



table 1. Vswr to series complex impedance conversion for 50-ohm systems using the second-data 
method of measurement (series resistor = 27 ohms). 

vswr 
of load 

vswr 
with series 

resistor 
resistance 

(ohms) 
reactance 

(ohms) 
vswr 

of load 

vswr 
with series 

resistor 
resistance reactance 

(ohms) (ohms) 

1.0 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

1.3 
1.3 
1.3 
1.3 
1.3 

1.4 
1.4 
1.4 
1.4 
1.4 
1.4 

1.53 

1.3 
1.4 
1.5 
1.6 
1.7 
1.8 

1.2 
1.4 
1.6 
1.8 
1.9 

1.2 
1.3 
1.4 
1.6 
1.8 
2.0 

51 

43 
44 
48 
53 
59 
61 

39 
42 
51 
64 
66 

36 
38 
40 
48 
61 
71 

0 
5 
8 
9 
6 
3 

0 
8 

13 
8 
4 

0 
6 

11 
17 
16 
4 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

1.0 
1.2 
1.4 
1.6 
2.0 
2.2 
2.6 
3.0 
3.4 
3.6 

1.25 
1.5 
1.75 
2.0 
2.25 
2.5 
3.0 
3.5 
4.0 
4.5 

17 
17 
19 
21 
28 
33 
47 
71 

122 
152 

13 
14 
16 
19 
22 
27 
38 
58 
95 

193 

0 
5 

15 
23 
37 
44 
56 
67 
57 
13 

0 
16 
25 
34 
42 
50 
65 
81 
95 
45 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

1.1 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 

34 
36 
38 
42 
46 
51 
56 
64 
73 
76 

0 
9 

13 
17 
19 
21 
21 
19 
11 
4 

6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 

1.25 
2.0 
3.0 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
6.75 

9 
11 
19 
34 
45 
62 
90 

143 
288 
306 

0 
28 
56 
83 
98 

114 
133 
148 

71 
11 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 

26 
27 
30 
34 
41 
50 
64 
83 

102 
102 

0 
9 

17 
24 
31 
36 
38 
33 

5 
5 

8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 

1.5 
2.0 
2.5 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
8.5 

6 
8 

10 
13 
20 
32 
51 
87 

194 
385 

0 
25 
39 
51 
74 
98 

126 
161 
200 

94 

2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 

1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.6 
2.8 
3.0 

21 
22 
24 
28 
33 
39 
47 
74 
98 

121 

0 
9 

17 
25 
32 
38 
44 
51 
43 
11 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

1.5 
2.0 
3.0 
4.0 
5.0 
7.0 
8.0 
9.0 

10.0 
10.5 

5 
6 

10 
14 
21 
45 
68 

114 
245 
481 

0 
23 
48 
68 
89 

136 
166 
207 
252 
117 
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Since the entire range of possible 
vswr combinations for a series 27-ohm 
resistor is given in table 1, if you 
measure a larger vswr than shown, there 
is an error in measurement. For exam-
ple, if you measure a load vswr of 2.0:1, 
then install the 27-ohm resistor and 
measure the vswr again, a new vswr 
measurement of 4.0:1 reveals an error in 

fig. 2. Resistive and reactive impedance values 
can be plotted on Smith chart using informa-
tion obtained by the second-data method. Cir-
cle 1 represents the vswr of the load, circle 2 
represents the vswr of the load with series re-
sistor, and circle 3 shows the vswr of circle 2 
displaced by the amount of the resistance (see 
text). 

measurement as it is outside the range 
of values given. 

smith chart computation 

If you wish to use the Smith chart to 
make your impedance calculations, the 
series resistor does not have to be the 
same vajue as that used in computing 
the chart (27 ohms for 50-ohm systems) 
- it can be any reasonable value. 
Assume, for example, that the series 
resistor is 25 ohms, the measured vswr 
of the unknown load is 3.0:1, and with 

the 25-ohm resistor in series with load 
the vswr is 2.0:1. 

To compute the complex impedance 
of the unknown load you must first plot 
two circles on the Smith chart as shown 
in fig. 2. The first circle, circle 1, is a 
constant vswr circle corresponding to a 
measured vswr of 3.0:1 and intersects 
with 3.0 on the real axis. This circle 
passes through all the resistive and 
reactive pairs which produce a vswr of 
3.0:1, so the impedance of the un-
known load must fall somewhere on this 
circle. 

The second circle, circle 2, is another 
constant vswr circle, this one corres-
ponding to the 2.0:1 vswr measured 
with the 25-ohm resistor in the line. The 
final circle, circle 3, which is offset by 
the amount of resistance in series with 
the line for the second vswr measure-
ment, represents all the values on circle 
1 with Z 0 / 2 5 (0.5 resistive) added to 
each point. This circle is easily drawn by 
adding 0.5 resistive to both points 
where the circle crosses the real axis (at 
0.33 + 0.5 = 0.83 and 3.0 + 0.5 = 3.5), 
and plotting a circle through these two 
points. 

Circle 3 intersects circle 2 at two 
points. Both points have the same resis-
tive and reactive values, but the reactive 
values have opposite signs. To transform 
the intersection on circle 2 to the actual 
value of the unknown load, 0.5 ohm 
resistive must be subtracted from the 
values on circle 2. In this case the 
intersection on the upper half of the 
chart is 1.05 + j0.72. Subtracting 0.5 
ohm resistive yields 0.55 + j0.72. This is 
the original load and should fall on 
circle 1. If it doesn't, you made an error 
in your calculations. 

Since this is a normalized Smith 
chart, the plotted values must be multi-
plied by the characteristic impedance of 
the system, 50 ohms. This yields values 
of 27.5 ohms resistive and 36 ohms 
reactive for the unknown load. You 
must still determine whether the reac-
tance is capacitive or inductive (negative 
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or positive). In some cases you may 
know beforehand whether the reactance 
is capacitive or inductive (a half-wave 
dipole operated above resonance, for 
example, has an input impedance that is 
inductive) but in those cases where you 
must determine the sign of the reac-
tance another measurement is required. 
After the resistive and reactive compo-
nents of the load have been determined, 
the vswr is measured again with a capaci-
tive reactance (Xc « X L ) placed in series 
with the load. If the resulting vswr is 
less than the original vswr, the reactance 
of the load is inductive. If the resultant 
vswr is greater than the original vswr, 
the reactance is capacitive. 

Things are simplified considerably 
when the impedance measurement can 
be made directly at the input terminals 
of the unknown load, but this is not 
always possible. The usual solution is to 
take the measurement at the end of a 
transmission line and use the Smith 
chart to refer the load back to the 
antenna feedpoint. Further information 
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on this subject is provided in references 
6 and 7. 

accuracy 
The accuracy of this method of 

impedance measurement, of course, is 
dependent upon the accuracy with 
which the vswr measurements are made. 
Accuracy of the second-data method is 
also dependent on the magnitude of the 
measured impedance with errors increas-
ing with increasing impedance. How-
ever, accuracy is acceptable up to about 
300 ohms, depending on the accuracy 
of the vswr bridge, and accuracy is quite 
good around the commonly used system 
impedances of 50 and 75 ohms. 

As an example, consider the case of a 
quarter-wavelength vertical operating 
over perfect ground. Its base feedpoint 
impedance, theoretically, is 36 ohms. If 
the second-data technique is used with a 
vswr bridge that reads 10% high, the 
indicated impedance will be 36,7 ohms 
resistive and 12.7 ohms reactive; the 
bridge has introduced a small reactive 
component. As with any electronic 
measurements, good results are guar-
anteed only when the measuring instru-
ments have been carefully checked and 
calibrated. 

references 
1. G. Hall, K1PLP, and J. Kaufman, WA1CQW, 
"The Macromatcher, QST, January, 1972, 
page 14. 
2. H.S. Keen, W2CTK, "A Simple Bridge for 
Impedance Measurements," ham radio, Sep-
tember, 1970, page 34. 
3. G. Pappot, YA1GJM, "RX Noise Bridge," 
ham radio, January, 1973, page 62. 
4. W.A. Wildenhein, W8YFB, "Low-Cost RX 
Impedance Bridge," ham radio, May, 1973, 
page 6. 
5. A.R. Hall, W4CGC, "VHF and UHF Micro-
strip SWR Indicators," ham radio, December, 
1972, page 22. 
6. G. Hall, K1PLP, "Smith Chart Calculations 
for the Radio Amateur," QST, January, 1966, 
page 22, and February, 1966, page 30. 
7. J.R. Fisk, W1DTY, "How to Use the 
Smith Chart," ham radio, November, 1970, 
page 16. 
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electrically-
controlled 

phased array 
Phased array for the 

lower amateur bands 

uses hybrid couplers 

for electrical control 

of the field pattern 

On the lower frequency amateur bands, 
where a rotary antenna may be too 
cumbersome for convenience, the an-
swer may be a phased array, with elec-
trical instead of mechanical control of 
the field pattern. Such a system will also 
be less vulnerable to damage from ice 
and high winds. 

The phasor, which is the heart of this 
system, is built around a 3 dB quad-
rature hybrid. Such a hybrid may be 
regarded as a four-port circuit element, 
having two input ports and two output 
ports (fig. 1). When both output ports 
are terminated by matched loads, a sig-
nal injected at either input port will 
divide equally between the two output 
ports with a 90°, or quadrature, phase 
difference between the outputs. Because 
no signal exists at the remaining input 
port, the input ports may be seen to be 
isolated from each other. 

Several different designs are available 
to the experimenter for the construc-
tion of such a hybrid.1 The most com-
pact and convenient form for the lower 
amateur bands, however, consists of two 
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capacitively coupled lengths of coaxial 
line, of whichever characteristic impe-
dance has been chosen for the system 
(fig. 2). These lengths of coaxial line 
will each be an electrical one-eighth 
wavelength at the frequency of interest, 
while the coupling capacitors will have a 
reactance equal to the characteristic 
impedance of the coaxial lines. 

theory of operation 
Jf the output ports of the hybrid, 

instead of being terminated by a pair of 
matched loads as in fig. 1, are termi-
nated instead with identical lengths of 
transmission line as shown in fig. 3, the 
following action will take place as a 
signal is injected into port 1: 

1. The injected signal will divide into 
two equal parts, one going to port 3, 
while the other part, after undergoing a 
90° phase shift, appears at port 4. Both 
signals then progress down to the ends 
of their terminating lines and are re-
flected back to their respective ports, 
having traveled back and forth along the 
line for a total distance equal to twice 
the actual length of the line. 

2. The reflected signal returning to port 
3 divides into two equal parts, one of 
which goes directly to port 1, while the 
other part, after a 90° phase shift, goes 
to port 2. 

3. The reflected signal at port 4 also 
divides into two equal parts, one of 
which goes directly to port 2, where it 
combines with the component which 
came from port 3. Note that each of 
these two components has traveled the 
same distance and undergone a single 
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phase shift of 90 . The other part of the 
reflected signal at port 4 undergoes a 
second 90° phase shift and goes to port 
1. Both of the components at port 1 can 
be seen to have traveled the same dis-
tance, but are 180° out of phase with 
each other, and therefore cancel. As a 

fig. 1. Block diagram of hybrid coupler. 
This device divides power between two 
matched loads. 

result, no signal is reflected back to port 
1 which is not cancelled out, and no 
input vswr results. It may be seen, there-
fore, that any equal change in the 
lengths of the two terminating lines will 
result in a phase change in the signal 
emerging from port 2 which is equal to 
twice the change in line lengths. 

With this last conclusion in mind, it 
becomes apparent that a reactance 
change at ports 3 and 4 which is equiva-
lent to that produced by a quarter 
wavelength, or 90° change in line 
length, will result in a total phase 
change of 180° in the signal emerging 
from port 2. Using lumped constants, 
instead of transmission lines, to ter-
minate ports 3 and 4, the network 
shown in fig. 4 will accomplish the 
equivalent operation. 

When the variable phasing capacitor 
in the circuit of fig. 4 is set at maximum 
capacitance, it becomes parallel reso-
nant with its shunting inductors, there-
by simulating an open circuit. At mini-
mum setting of the phasing capacitor, 
the series capacitors are trimmed to 
produce a condition of series resonance, 
thus s imulat ing an open quarter-
wavelength of terminating line. In this 
manner you obtain a controlled phase 
shift of up to 180 electrical degrees by 
merely turning a knob. 

Line lengths and coupling capaci-
tances were first computed for a fre-
quency of 7.2 MHz. Assuming a velocity 
of propagation factor of 0.66 for the 
RG-58/U cable chosen for the purpose, 
the transmission lines are each 135 
inches (344cm) long. Coupling capaci-
tors for 53.5-ohm coaxial cable are 414 
pF. A pair of 220-pF silver mica capaci-
tors were used in parallel. Alternatively, 
a 330 pF and a 100 pF capacitor were 
used for a second hybrid, with satisfac-
tory results in each case. (If the system 
is built with RG-59/U coaxial cable for 
operation at the 70-ohm level, the 
capacitors will be about 316 pF.) 

In order to determine the length of 
the transmission line a bit more accu-
rately, a quarter-wavelength of line was 
fitted with a very small, single-turn 
coupling loop at one end. This assembly 
was then carefully grid dipped to fre-
quency, the dipper frequency being 
checked on the receiver. Small bits of 
coaxial line were then clipped from the 
open end of the cable to raise the 
resonant frequency to the desired value. 
It is a great deal easier to cut a piece off 
than to fasten it back on, so be careful 
if you choose to go this route. 

After the correct line length has been 
obtained, remove the coupling loop, 
double the line back on itself and cut it 
in two equal halves. Peel back as little 
covering and braid as necessary to make 
connections to the ends of the cables. 

To check the hybrid, ports 3 and 4 
are first left as open circuits and a 

xc • ZQ 

fig. 2. Capacitively-coupled hybrid is used in 
the phasor which controls the phased vertical 
antennas. 
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matched load is placed at port 2. An 
input vswr reading is now taken at 
various frequency intervals across the 
band to determine how well the line 
lengths have been chosen. At the center 
frequency a vswr of 1.05:1 or less 

SIS/HAL 
IN r 

SIGNAL 
OUT • - o 

fig. 3. Quadrature hybrid terminated by equal 
lengths of transmission line. 

should be possible if the line lengths and 
coupling capacitors are correct. 

The isolation inherent in the hybrid 
can be checked by terminating ports 3 
and 4 with matched loads, and the 
output at port 2 measured and com-
pared with that obtained when the loads 
are not present. A pair of 51 -ohm car-
bon composition resistors were used for 
this rough check, with the receiver at 
port 2 used as an indicator. Isolation of 
20 to 30 dB was considered to be 
adequate for the purpose. 

Once the hybrid has been checked 
out satisfactorily, the next step is the 
alignment of the reactance network. In 
the first place, the two inductors should 
be made as closely identical as possible. 
Both inductors should resonate at the 
center frequency with the phase control 
capacitor fully meshed. The grid dipper 
becomes necessary for this operation. 
Turns can be spread or squeezed to-
gether, and fastened with coil dope. 

Once the coils have been trimmed, 
the phase control capacitor is turned to 
its minimum setting, and the series 
capacitors grounded, so that they are 
temporarily in parallel with the induc-
tors. The series capacitors are now set so 
that the inductor-capacitor combination 
is again resonant at the same frequency 

of interest. Disconnect the temporary 
ground connection, and connect the 
series capacitors to ports 3 and 4 of the 
hybrid. 

Connect a matched load to port 2 
again and check the input vswr of the 
complete phasor. As the phase control 
capacitor is rotated through its range 
there should be no change in vswr. 

In coupling to two separate antennas, 
a second hybrid, identical to that used 
in the phasor, appears to be the best 
arrangement as shown in fig. 5. 

operation 
To ensure placing a maximum signal 

lobe accurately in the direction of a 
given station, a pair of coaxial relays 
were hooked up as a reversing switch. 
The other station is first nulled out as 
far as possible, then the relays are actu-
ated so that the connections to the 
transceiver and dummy load are re-
versed (fig. 5). This places a maximum 
signal lobe towards the selected station. 

It can be seen that if a given station 
can be completely nulled out, the entire 
received signal is being routed to the 
dummy load, rather than to the re-
ceiver. Reversal of the order of connec-
tion by means of the relays then routes 
the entire signal from both antennas to 
the receiver. Since the effect is recip-
rocal, when transmitting both antennas 
combine to place a maximum lobe in 
the direction of the other station, ft 
should not be difficult to calibrate the 
phase control in terms of direction so 
that this procedure can be omitted. 

Don't expect a complete cancellation 
of the signal from a given station as no 
two antennas will have identical, per-
fectly circular radiation patterns. Maxi-
mum to minimum signal reports have 
varied from 1 to 6 S-units, with rare 
instances where the signal dropped com-
pletely into the noise level. If you con-
sider that one antenna puts out a signal 
of 100 power units, while the other 
only puts out 95 units in a given direc-
tion, then the best possible cancellation 
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would still leave 5 units of signal. A 
ratio of 195 to 5 in power is about 14.1 
dB, slightly more than 2 S-units. There-
fore it should be apparent that the two 
antennas should be made as identical as 
possible. 

Another factor in the operation of a 
system of this type is the spacing be-
tween the two antennas. If they are 
close together, there will be coupling 
present which will greatly affect the 
power distribution between them. With 
a spacing of around 120 feet (37m), the 
input vswr of the system varies over the 
phasor range from 1.0:1 to 1.2:1. 

While any two relatively identical 
vertical antennas should perform satis-
factorily, the pair I used were less than 
15 feet (4.57m) in height, resting on a 
glass jar set on the ground. As this was a 
temporary experimental installation, a 
rather skimpy ground system of eight 
radials, each 30 feet (10m) long, was 
used. Matching was accomplished with 
an L-network. 

It appears that the phasing system 
could be applied to two colinear hori-
zontal dipoles. In addition to being, in 
many cases, easier to erect, the end-on 
arrangement of the radiating elements 
might be expected to show lower 
mutual coupling between the elements. 

SIGNAL 
OUT 

C I hybr id coupling capacitors 
C2 reactance network series capacitors 
C3 phase-control capacitor ( two 140-pF 

sections) 
L approximately 14V2 turns, I1 / * " (32mm) 

diameter, IV4" (32mm) long 
fig. 4. Circuit for the 7-MHz phasor, showing 
grounding arrangement for the outer coaxial 
connections. Setup and test of this circuit is 
discussed In the test. 

While not giving a full 360 coverage as 
uniformly as vertical antennas, the hori-
zontal system might offer an interesting 
area for investigation. 

It is felt that the results obtained 
with this experimental (and admittedly 
temporary) installation justify the con-

switch (see text). 
TO 

DUMMY 
LOAD 

TO 
TRANSCEIVER 

cept of omnidirectional control of the 
antenna pattern. Although the wide 
spacing of the elements of the antenna 
system results in more lobes than a 
beam, the total area covered by the 
lobes should be about the same, with no 
loss of signal strength in directions of 
maximum signal as a result of the in-
creased spacing. A vertical antenna 
system of this kind should offer much 
to the low-frequency DX man by com-
bining the low-angle radiation of the 
vertical antenna with control of the 
directivity. 

reference 
1. Henry Keen, W2CTK, "High-Frequency 
Hybrids and Couplers," ham radio, July, 
1970, page 57. 
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One of the problems requiring a deci-
sion when you establish a station is the 
selection of an antenna or group of an-
tennas for the bands on which you want 
to operate. To make the best use of 
your environment and space available 
requires some study and planning. 

In the case of the limited space of a 
city lot, especially for an 80-meter an-
tenna, special steps may be needed for 
satisfactory results. A major considera-
tion for an 80-rneter antenna is the por-
tion of the band you intend to use. The 
ordinary single-wire horizontal dipole, 
when used on this band, for example, 
will not work well over the entire band 
without some sort of antenna tuner or 
matching system. Verticals have the 
same limitations, but this article is con-
cerned only with a horizontal antenna. 

A typical horizontal dipole, resonant 
at 3.75 MHz, will approximate a series-
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resonant circuit as shown in fig. 1. Re-
sistance R represents the radiation resis-
tance which will be about 50 ohms. The 
inductive and capacitive reactances, X L 

and X c , with a Q of 14 will be about 
700 ohms (14x50 ohms) at the resonant 
frequency. 

Fig. 2 shows a swr vs frequency curve 
for a horizontal, single-wire antenna, 
resonant at 3.75 MHz, measured and 
used as a standard of comparison for the 
experiments that follow. Tests made at 
four other amateur stations show the 
curve of fig. 2 to be typical for antennas 
of this type. 

One important fact must be noted at 
this point: the majority of swr bridges 
made for amateur use will not provide 
accurate readings on the 80-meter band 
because of the non-linearity of the ger-
manium diodes used in the simple 
bridge circuits. A Heath HM-102 swr 
bridge was used to obtain the curves 
presented here. This unit checked very 
closely with a Waters 365A reflecto-
meter as well as with a standard Bird 
wattmeter. The typical, simple bridge 
will measure swr as much as 35% low on 
80 meters. 

Using the values of fig. 1, the induc-
tive reactance of the antenna at 4 MHz 
will be (4/3.75)700 = 747 ohms; the 
capacitive reactance, (3.75/4)700 = 656 
ohms. The net reactance is 747 - 656 = 
91 ohms (inductive). At 3.5 MHz the 
inductive reactance will be (3.5/3.75)700 
= 653 ohms; capacitive reactance is 
(3.75/3.5)700 = 750 ohms, and the 

*«. r; « 
r r r v s f W v TOO I \ so 

TOO 

O O 
fig. 1. Equivalent circuit of slngle*wlre hori-
zontal dipole. Values are typical of those at 
resonance. 

net reactance is 750 - 653 = 97 
ohms (capacitive). Neglecting the resis-
tance change with frequency, which is 
small, the impedance at 4 MHz will be 
approximately 50 + j91 ohms; at 3.5 
MHz the impedance will be approxi-
mately 50 - j 97 ohms. 

1 1 ' 1 

38' 
t, til. em) 16 | 

, (43m) 

1 1 ' 1 

38' 
t, til. em) 16 | 

, (43m) 

W / 777/ v / / 7777 7/7/ '7/7 77 j 

3.5 3.6 3 7 S.e 3.9 4.0 

FREQUENCY (MHz) 

fig. 2. Swr vs frequency curve for single-wire 
antenna which is resonant at 3.75 M H z (radia-
tion resistance = 45 ohms). Antenna is made 
from number-14 copper wire. 

Fig. 2 shows the swr variations across 
the 80-meter band for the single copper-
wire antenna with the maximum points 
at about 5.6:1 on the band edges. To 
reduce the swr (to broaden the fre-
quency range of the antenna) you can 
reduce the Q by reducing the reactance 
or raising the radiation resistance. One 
method of reducing the reactance is by 
using a larger diameter antenna conduc-
tor. However, in most cases this is im-
practical at low frequencies. To reduce 
the Q of the single-wire antenna from 
14 to 10, for example, would require a 
diameter of 640 mils or 0.64 inch 
(16mm). The use of RG-8/U coaxial 
cable, with the inner and outer sections 
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connected in parallel, reduced the Q of 
the antenna to about 12. 

A much more practical method of in-
creasing antenna bandwidth is by using 
the bow-tie or fan configuration shown 
in fig. 3. With a wire separation of 7 feet 

FREQUENCY (MHl) 

fig. 3. Swr comparison of the copper bow-tie 
and double bazooka antennas on BO meters. 
Radiation resistance of the bow-tie is 35 ohms 
at 3.75 MHz; radiation resistance of the double 
bazooka is slightly lower. 

(2.1 meters) or more and copper wire, 
the Q can be reduced to about 10. This 
brings the swr at the band edges down to 
about 3.8:1. For swr no higher than 2:1, 
the bandwidth is increased to 190 kHz. 

doubie-bazooka antenna 
T h e so-called double-bazooka or 

coaxial antenna is another modification 
for increasing the bandwidth of the 
basic horizontal dipole. However, the re-
sults were disappointing in the tests I 
made with this system. With new 
RG-58/U cable and very careful con-
struction, with open-wire line for the 
end sections, the best I could obtain was 
an swr of about 3.5:1 at the band edges, 
an 8% improvement over the bow-tie 
(see fig. 3). The use of RG-8/U or 
RG-11/U for this antenna was not tried. 

On the basis of the considerably 
greater cost and work required to build 

the double-bazooka antenna, it com-
pares poorly with the bow-tie. The pos-
sible balun characteristic it is supposed 
to have is difficult to determine and of 
doubtful value. 

galvanized wire 
About two years ago, with more an-

tenna experimenting in mind and cop-
per wire in short supply, I obtained a 
roll of galvanized steel electric-fence 
wire at a farmers' supply store. When I 
built a single-wire dipole with this wire, 
a considerable lowering of swr was 
noted. The same wire in a bow-tie show-
ed an swr of about 2.5:1 at the 3.5- and 
4-MHz band edges. When I checked the 
radiation resistance at resonance, it was 
found to be about 50% higher than with 
copper, or about 75 ohms for a single wire 
and 50 ohm for the bow-tie (see fig. 4). 

Speculation as to the reason for the 
increased radiation resistance, as well as 
how much antenna loss may have in-
creased because of the higher resistance 
of this wire, led to quite a bit of re-
search in reference books and experi-
menting. 

First off, the wire I used is desig-
nated as number-16, but this refers to the 
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fig. 4. Swr performance of a galvanized single-
wire dipole and a galvanized-wire bow-tie. 
Both antennas are resonant at 3.75 MHz. Ra-
diation resistance of single-wire dipole is 7S 
ohms; radiation resistance of bow-tie is 50 
ohms. 
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size before the zinc galvanizing is 
applied. Checking the wire table shows 
the diameter of number-16 as 50.8 mils 
(1.3mm). When checked wi th a micro-
meter, the wire measured 62 mils 
(1.5mm). The diameter of number-14 
wire is 64 mils (1.6mm) so this wire is 
very nearly the equivalent. Although the 
use of galvanized wire for an antenna is 
by no means anything new, information 
on its rf characteristics is diff icult to 
find. After failing to find anything in 
the antenna reference books, some ex-
perimenting led me to results that indi-
cate, I think, a loss figure that is not too 
high when compared to copper. 

The resistance tables show zinc with 
two to three times the dc resistance of 
copper. And, because of skin effect, 
most of the antenna rf current will be in 
the zinc coating. In an effort to get a 
comparison, equal lengths of number-14 
copper wire and number-16 galvanized-
steel wire were wound on identical 
forms and checked for Q at 3.75 MHz 
with a Q-meter. This test showed the 
copper-wire coil had a Q about six times 
that of the galvanized-wire coil. From 
this data it was assumed that a 6-to-1 

fig. 5. Relationship 
of loss resistance, 
R 1 , and radiation 
resistance, R2. 

ratio of rf resistance was fairly correct 
at 3.75 MHz. 

The actual loss resistance of a copper-
wire antenna at 3.75 MHz is another 
thing that is very hard to find in 
the reference books. The loss resistance 
is usually considered to be "extremely 
low" or "negligible," and the only book 
I could find with anything like a de-
finite statement was Transmission Lines, 
Antennas and Waveguides-1 On pages 
113 and 114 the authors stated that, 
when using 80-mil (2mm) copper wire 
at a frequency of 3 MHz, a dipole with 

64 ohms load resistance at resonance 
will have 3% of the 64 ohms as loss 
resistance. This works out to be 1.92 
ohms, and should be nearly the same at 
3.75 MHz as the shorter length would 
just about balance the effect of the 

(314m) 

fig. 6. In this modification of the basic 
bow-tie antenna, the ends are tied to 
gether. Bandwidth is affected little by 
spreads from 6 to 16 feet (1.8 to 4.9 
meters). Radiation resistance of this an-
tenna is SO ohms at 3.75 MHz. 

higher f requency. For number-14 
copper wire, the smaller diameter 
should raise this to about 2.15 ohms 
(1.92\/80/64). 

Fig. 5 shows the relationship of the 
loss resistance and the radiation resis-
tance. The percentage of power lost in 
heating the wire, of the total applied to 
the antenna, would be R1/(R1 + R2) = 
2.15/64 = 3.4%; the percentage radiated 
would be 100-3.4 = 96.6%. For the 
galvanized-steel wire, we can assume the 
loss resistance to be six times 2.15 or 
12.9 ohms. It is assumed that this figure 
for the single galvanized wire will re-
main substantial ly the same with 
average variations in antenna height and 
inverted-vee angle. For the single galvan-
ized wire, the loss ratio is 12.9/75 = 
17.2%, yielding an efficiency of 82.8%. 

Because the two wires of the bow-tie 
are in parallel for the antenna current, 
the effective loss resistance should be 
about one-half that of the single wire. 
For the copper and galvanized bow-ties, 
therefore, the loss resistance should be 
about 1.08 ohms and 6.45 ohms, respec-
tively. The relative frequency response 
of the antennas that have been checked 

LOSS RADIATION 
RESISTANCE RESISTANCE 

Rl R2 VuV WV 
2.15 61.95 
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can be expressed by the bandwidth over 
which they can be used with no more 
than a 2:1 swr (see table 1). The figure 
of 2:1 is used because this is the maxi-
mum swr specified by many manufac-
turers for their transmitters or trans-
ceivers. A n swr of 2:1 is also the value 

meters) makes very little difference in 
the swr characteristic. A very wide 
spreader, however, results in a propor-
tionate reduction in overall length. Fig. 
7 shows one arrangement that worked 
very well with swr performance slightly 
better than the standard spread. 

table 1. Bandwidth of different 80-meter antennas for maximum swr or 2:1 
(antenna resonant at 3.75 MHz). 

antenna load 
type resistance 

Single copper wire 45 ohms 
Single galvanized wire 75 ohms 

Copper-wire bow-tie 30 ohms 
Double bazooka 35 ohms 
Gaivanized-wire bow-tie 50 ohms 

loss 
resistance 

2.15 ohms 
12.90 ohms 

1.08 ohms 

percent 
loss 

4.8% 
17.2% 

3.6% 

6.45 ohms 12.9% 

bandwidth 

165 k H z 
188 k H z 

190 k H z 
206 k H z 
325 k H z 

above which line loss begins to mean 
something. 

bow-tie antennas 
A useful modification to the basic 

bow-tie antenna is that of tying the two 
wires together at the ends as shown in 
fig, 6. This shortens each side by about 
one-half of the end separation as shown. 
The overall length of 103 feet (31.4 
meters) is very desirable where space is 
limited. The end connection can be 
made by using light-weight aluminum 

A simple and economical L-network 
tuner, as in fig. 8, will allow an antenna 
cut for resonance at 3.75 MHz to be 
used over the entire 80-meter band with 
no more than 1.5:1 swr at the trans-
mitter terminals. The maximum swr on 
the feedline is only about 2.6:1 so with 
RG-8/U feedline, the line Joss due to 
swr would be about 0.34 dB at 3.5 MHz 
and 0.44 dB at 4 MHz, practically neg-
ligible amounts. 

A comparison of the associated feed-
line loss of the two bow-tie antennas 

table 2. Losses of copper and galvanized bow-tie antenna systems with 
RG-8/U coaxial feedlines. 

antenna antenna feedline total 
type frequency loss loss loss 

Copper-wire bow-tie 3.75 MHz 0.17 dB 0.50 dB 0.67 dB 
Galvanized-wire bow-tie 3.75 MHz 0.65 dB 0.28 dB 0.93 dB 

Copper-wire bow-tie 4.00 MHz 0.17 dB 0.88 dB 1.05 dB 
Galvanized-wire bow-tie 4.00 MHz 0.65 dB 0.40 dB 1.05 dB 

spreaders, a wood spreader with wire 
connector, or any other method that 
provides the mechanical spread and the 
electrical connection. 

The spread of the wires can be either 
horizontal or vertical. A variation of 
spread from 6 to 16 feet (1.8 to 4.8 

(no tuner) is presented in table 2. The 
larger feedline loss of the copper bow-
tie is the result of the low radiation re-
sistance of 30 ohms which results in 
considerably higher line current. This 
effect was checked out experimentally 
with a dummy antenna on the bench. 
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fig. 7. Bow-tie antennas can also be built with 
a very wide spread as shown here. As well as 
shortening the overall length of the antenna, 
this slightly improves the swr performance. 
Radiation resistance of this antenna is 50 
ohms at 3.75 MHz. 

Table 2 shows that the price paid in 
increased loss from the use of the gal-
vanized steel wire is small enough to 
justify its use for the resultant broad-
band characteristic of the antenna. Its 
lower cost, compared to copper, is a 
fringe benefit. The durability of this 
wire, if my case is typical, is very good. 
The same wire has been up for two 
years with no visible rust. A coating of 
varnish or lacquer could be applied 
before putting the antenna up, if 
desired. 

-CI 
••123 
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)ANTENNA 

M C3 ' 
230 

m 

C I 
C2 

L I 

125 pF mica, 1000 working volts 

250 pF air variable, 0.030" (0.8mm) 

spacing or greater 

9 turns no. 16, 1-7/8" (48mm) diam-

eter, l " (25mm) long, tapped at 2, 5 

and 7 turns 

fig. 8. Simple L-network antenna tuner which 
can be used to match the bow-tie antenna to 
50 ohms over the entire 80-meter band (swr -
1.5:1 or less). Inductor L I is 9 turns no. 16 
airwound on 1-7/8" (48mm) diameter, 1-inch 
(25mm) long, tapped at approximately 2, 5 
and 7 turns. Capacitor C2 should have spacing 
of 0 .03" (0.8mm) or more. 

operating Q 

The operating Q of the bow-tie an-
tenna can be reduced further by using 
the parallel compensating circuit shown 
in fig. 9. This circuit is simple, inexpen-
sive and will work with any dipole to 
some extent. It makes use of the prin-
ciple that a parallel tuned circuit has the 
opposite reactance variation on each 
side of resonance as that of a series 

if 3.8 
FREQUENCY tMHl) 

fig. 9. The bandwidth of the galvanized-wire 
bow-tie antenna can be increased still further 
by the addition of the parallel L-C circuit 
shown here (see text). Feed line is 88-feet 
(24.4m) long. 

resonant circuit. When connected as 
shown in fig. 9, the parallel network will 
cancel some of the series reactance ex-
hibited by the antenna on each side of 
resonance. The values of inductance and 
capacitance were determined by experi-
ment for best results. The capacitance is 
2500 pF and the coil is adjusted by 
means of a grid dipper to resonate with 
the capacitor at 3.75 MHz. 

By shortening or lengthening this an-
tenna, the resonant point can be moved 
higher or lower to obtain the desired 
coverage. Eight inches (20.3cm) of 
change, in each wire, will produce about 
80 kHz frequency shift. 

Considerable time and effort have 
been spent to answer two obvious ques-
tions: Why does the bow-tie antenna ex-
hibit broader response than a single 
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wire, and why does the use of galvan-
ized steel wire show the same effect? As 
for the first question, one reference book 
indicated that the bow-tie arrangement 
effectively increased the conductor size. 
That does not satisfy me. The most 
logical explanation seems to be that the 
two parallel wires reduce the inductance 
while at the same time increasing the 
capacitance between the halves of the 
antenna and the ground. The reduction 
in reactance is great enough to more 
than compensate for the reduction in ra-
diation resistance, resulting in lower Q. 

As to why galvanized steel wire in-
creases the bandwidth of the antenna, it 
is thought that the 60% increase in feed-
point resistance at resonance (in the 
bow-tie), as indicated by an antenna 
noise bridge, must be the reason for the 
lowered Q. Part of this increase is due to 
the higher loss resistance, of course, and 
this has been calculated to be about 
6.45 ohms while the actual increase is 
20 ohms. This would require a ratio of 
20/1.08 or about 18.5 times as much rf 
resistance in the galvanized as the 
copper antenna. Even considering the 
limits of the Q meter for making coil 
comparisons, this is much too great an 
error to believe possible. 

It has been noticed, however, that 
the galvanized wire, for a given resonant 
frequency, is about 4% shorter than the 
copper wire. This could be explained, as 
suggested by WB0BHG, by a "velocity 
factor" effect of the current flow slow-
ing down on the higher resistance wire. 

fig. 10. (.-network for use with the bow-tie 
antenna with compensating network shown in 
fig. 9. Resultant swr curve Is plotted in fig. 11. 
L I is 9 turns no. 16, 1-7/8" (49mm) dia-
meter, 1" (25mm) long, tapped at 2, S and 7 
turns. Capacitor C I is a 250 pF mica, lOOO 
working volts. 

fig. 11. When a gal-
vanized-wire bow-tie 
antenna with com-
pensating network 
(fig. 9) is used with 
a simple L-network 
(fig. 10), the swr is 
1.5:1 or less over 
the entire 80-meter 
band. 
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This might raise the radiation resistance 
and lower the Q. 

One exper iment was t r i ed using 
number-26 copper wire instead of gal-
vanized steel. The swr at the band edges 
of 80 meters was about 3.2:1 and the 
radiation resistance about 65 ohms. The 
rf resistance of number-26 copper, ac-
cording to the wire table, should be 
about 85% of the single gaIvanized-steel 
wire. 

The transmission line used for all 
tests and swr curves was 88 feet (26.8 
meters) long, checked out with a noise 
bridge for one-half wavelength at 3.75 
MHz. It was found experimentally that 
the circuit of fig. 10, with the values 
shown, when inserted between the 
transmitter and feedline, modified the 
swr curve to that shown in fig. 11. For 
this result, however, the transmission 
line must be close to one-half wave-
length long. To obtain the averaging out 
effect the transmission line should be 
within 5% of one-half wavelength long. 

The simple circuit of fig. 10 replaces 
that of fig. 8 when the parallel compen-
sating circuit at the antenna and a half-
wave feedline are both used. This brings 
the system to the point where no tuning 

RG-B/U FEEDLINE. 
A / 2 LONG. (APPftOX 68' OR 26 8m) 
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is needed at all, with very low swr at the 
transmitter output terminals. 

operation 
The ability to work across the entire 

band with no more than 1.5:1 swr, as 
shown in fig. 11, provides very smooth 
operation. A variable antenna tuner 
with a coax fed copper antenna will also 
cover the 80-meter band but with a 
much more complicated tuner and with 
much higher line loss. 

Swr curves were run with and with-
out a balun at the center of the antenna. 
Both straight-core and toroid types were 
tried. The only observed difference was 
a downward shift in resonant frequency 
by about 50 to 75 kHz. Substitution of 
number-14 galvanized wire with an 
actual diameter of 75 mils (1.8mm) re-
sulted in a very small change as com-
pared to number-16 wire. A third wire, 
strung between the two wires of the 
basic bow-tie, was tried with very little 
change. 

One thing I did notice was that twist-
ing the two wires together at the center, 
even for 2 or 3 feet (61 to 91 cm), 
raised the swr about 6%. This effect led 
me to try bracing the two wires about 
10 inches (25.4cm) apart at a point 
about 18 inches (45.7cm) out from the 
meeting point, but no improvement was 
observed. 

I experienced no difficulties from the 
wires getting twisted or tangled after the 
antenna was installed. Winds up to 60 
mph (97 kmh) have given no trouble. 

All experimental work was carried on 
jointly with W8URR who first suggested 
the use of the bow-tie arrangement with 
which he had already done considerable 
experimenting. Both he and W8SAY are 
using the antenna with very satisfactory 
results. 

reference 
1. King, Mimnow and Wing, Transmission 
Lines, Antennas and Waveguides, McGraw-
Hill, New York, 1945. 
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on hinged bases 

i Complete Telescoping 
iand Fold-Over 
[Series available 

And now, with motorized options, you can 
crank it up or down, or fold it over, from 
the operating position in the house. 
Write for 12 page brochure giving dozens 
of combinations of height, weight and wind 
load. 

ALSO TOWERS FOR WINDMILLS 

H E I G H T S 
MANUFACTURING CO. 

In Almont Heights Industrial Park 
Almont, Michigan 48003 

Due to several acts of vandalism and an 
B office fire, many inquiries were lost. If 
J you have not had a reply, please place 
3 your inquiry again. 
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loop antenna 
receiving aid 

A method 

for improving 

signal-to-noise ratio 

on the 

lower-frequency bands 

You've heard it before and it's w o r t h 
repeat ing: " I f y o u can ' t hear ' em, y o u 
can' t w o r k ' e m . " M o s t hams I 've ta lked 
t o or heard o n the air o n the lower 
f requencies use quarter - or ha l f -wave 
antennas in vert ical , hor i zonta l or 
inverted-vee conf igurat ions. Whi le these 
antennas d o a credi table j o b o f trans-
mi t t ing r f , t h e y can be noise collectors 
for receiving because of the i r physical 
size and p r o x i m i t y t o m a n - m a d e noise 
sources. 

Presented here is a scheme t h a t uses a 
fet p r e a m p or a Q mul t ip l ie r w i t h a loop 
antenna w h i c h is easy to rotate f r o m t h e 
operat ing posi t ion and wi l l a l low y o u t o 
d iscr iminate b e t w e e n signals and noise. 
T h e l o o p is o n l y 1 8 inches ( 4 6 c m ) o n a 
side w i t h t w o windings spaced 2 inches 
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( 5 c m ) apart . A c o m p l e t e parts list and 
const ruct ion drawings are included. T h e 
loop structure can be m a d e w i t h a f e w 
pieces of w o o d , and t h e electronics are 
simple and inexpensive. 

loop antennas 
T h e ro ta ry b e a m , if designed prop-

er ly , discr iminates w e l l be tween the 
desired signal and inter ference. H o w -
ever, no t m a n y amateurs are f o r t u n a t e 
enough t o have a r o t a r y beam for t h e 
lower amateur f requencies. I f w e sacri-
f ice some gain and use a small loop t h a t 
w i l l give reasonable a t t e n u a t i o n on an 
i n t e r f e r i n g signal or noise, we ' l l have a 
desirable receiving a id . Such an antenna 
has been a round fo r years and its 
characteristics are wel l d o c u m e n t e d . 1 ' 2 

Largely ignored b y today 's amateurs, 
the loop antenna was a standard piece 
of e q u i p m e n t in ear ly h a m stations b u t 
was general ly huge and cumbersome 
because o f the l o w frequencies in use in 
those days. T h e loop doesn ' t have t o be 
large t o be an e f fect ive noise discrimi-
nator o n t h e lower a m a t e u r f requencies 
in use t o d a y . T h e ent i re assembly, in-
c luding antenna and p r e a m p or Q mul t i -
pl ier , can be m o u n t e d o n y o u r receiver. 
Used p roper ly , this c o m b i n a t i o n c o u l d 
mean the d i f fe rence b e t w e e n solid recep-
t i o n and f rust ra t ion. 

Loops have a pa t te rn t h a t exhibi ts 
m a x i m u m response in t h e plane of t h e 
loop and m i n i m u m response in a p lane 
norma l t o the loop (fig. 1). N o t e t h a t 
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this response is exactly opposite to that 
of a quad antenna. This suggests that a 
smali loop antenna with appropriate 
electronics might be useful as a noise 
discriminator on the higher amateur 
frequencies when used as a receiving aid 
with a quad. 

receiver input impedance 

A loop antenna with its tuning capac-
itor is a common LC circuit. It could be 
substituted for the tuned circuit in your 
receiver rf amplifier. Few hams, how-
ever, would want to make the circuit 
modifications. Most modern receivers 
use a low-impedance antenna input; and 
since the basic loop has a high impe-
dance, we need a one-turn loop coupled 
to the large tuned loop to act as a 
low-impedance transformer to the re-
ceiver input. See fig. 2. 

design examples 

The first thought that might enter 
your mind when constructing a loop is 
to use the number of turns required for 
the lowest frequency desired, and pro-
vide taps in the winding for the higher 
frequencies, which is not an uncommon 
practice with coils. My experience using 
this means has proved that it is not 
practical. For some reason, the unused 
turns seem to saturate the loop, and a 
sharp resonance becomes hard to 
achieve. Also the directivity pattern 
becomes questionable. I've found that 
it's better to wind two separate loops on 

Q TOP VIEW 

fig. 1. Loop antenna field strength patterns. 

the same frame, with the most spacing 
you can provide between the two wind-
ings, e.g., about 2 inches (5cm) will 
provide excellent performance. I've also 
found that as far as the LC ratio is 
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concerned, the higher the capacitance 
(within reason), the more effective the 
loop performance. 

A n example of this is the loop that I 
will describe. It is approximately 18 
inches (46cm) on a side and contains 
two windings spaced 2 inches (5cm) 
apart. One winding consists of two turns 
spaced 1/4 inch (6.5mm) and covers 40 
and 80 meters. The other winding con-
sists of 5 turns spaced 1/4 inch (6.5mm) 
and covers 80, 160 and the high end of 
the broadcast band. With this arrange-
ment, the loop is more effective on 80 
meters using the 2-turn loop with high 
capacitance than the 5-turn loop with 
low capacitance. 

HEP802 

RECEIVER HEP802 

fig. 4. Loop antenna with Q-multiplier. 
Regeneration control is by means of LI, 
L3 coupling. 

Loop with preamp input. While the 
loops performed satisfactorily in their 
basic configuration, as my first experi-
ment I decided to add an rf amplifier 
using a solid-state device, and the circuit 
of fig. 3 evolved. Here the loop is 
connected to the gate of an HEP-802 fet 
and output to the receiver is taken from 
the source. Results were good, but I felt 
that the null could be improved, per-
haps by increasing circuit Q. 

Loop with Q-multiplier input. Recalling 
the principles of the Q multiplier, I 
decided to substitute such a circuit for 

table 1. Parts list for loop antenna. 

item 

1 
2 
3 

5 
6 
7 
8 

10 

quantity 

4 

description 

wood strip 
support 
support 

base 
support bracket 
angle bracket 
circuit board 

wood dowel 

wood strip 

dimensions 

1/2 x 3/4 inch 
fig. 6A 
fig. 6B 

loop frame brace fig. 5 

to suit 

3 inches 
(76mm) 
see text 

see text 

use 

loop frame 
loop wire 
bottom loop 
wire 
feedback 
loop L 3 
loop support 
loop frame 

fig. 3 and 4 

feedback loop 
L 3 support 
support for 
ends of L 3 

The variable capacitor I use came 
from an old BC set. I wired its two 
stators in parallel and assume it has a 
maximum capacitance of 600 pF. I use 
a small dpdt switch to select the desired 
loop. 

the fet preamp (see fig. 4). Feedback 
control is obtained by an adjustable 
loop of wire, L3, coupled to the loop, 
L1. Receiver input is taken from L2. By 
rotating L3 within the field of L1 the 
desired amount of regeneration can be 
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fig. S. Construction details. Circled numbers 
refer to table 1. L3 and pieces 9 and 10 are 
required only if a Q multiplier is used. 

obtained, circuit Q is improved, and the 
null is much more pronounced. Better 
control is obtained for separating noise 
from the desired signal. 

Note that a loop antenna can also be 
used as an absorption wavemeter. When 
using it with solid-state devices beware 
of placing the loop in a strong rf field. 

construction 
Fig. 5 and the parts list (table 1) 

should be self-explanatory. The basic 
loop contains two windings: a two-turn 
loop for 40 and 80 meters and a 5-turn 
loop for 80, 160 and the high end of the 
broadcast band. Four turns can be used 
if operation on the broadcast band is 
not desired. 

The structural support for the loop 
wire is made from two strips of wood 
fashioned in a cross. The simplest wind-
ing is made by starting the wire from 
the outside, winding around and 
around, to the inside. The wire is 
supported on the cross arms with tacks 
or notches. The size of the frame, 
number of turns, and spacing will be 

determined by the desired frequency 
coverage. 

Another winding pattern is made as 
a large, square-shaped, wide-spaced sole-
noid. In this case, short strips of wood 
are required at the appendage of the 
supporting arms, with notches to sup-
port the wire. Here again the size, 
number of turns, and spacing will de-
pend on the frequency range desired. 

Incidentally, there is a school of 
thought that reasons as follows: Since 
the maximum gain of a loop antenna is 
in the plane of the wires, a loop wound 
in a wide-spaced solenoid configuration 
and mounted in a diamond position 
(points of the square top and bottom) 
will have a better capture area. While I 
can't prove it, I am inclined to agree. 

Since the wire is the only important 
element of a loop, the basic construc-
tion of the frame can be left to your 
ingenuity and materials on hand. The 
frame, of course, should be made with 
insulating materia I. I suggest that the 
wood frame be painted with coil dope. 

Fig. 6 details the loop wire support 
arms. Note that one extra notch for 
wire is required in the bottom arm due 
to the winding pattern. I formed the 
notches in the support arms in the 
following manner. I drilled the required 
number of holes in the arms on a line 

_ 3-1/2" (89 mmJ~ 
1/4" (6.5 mm)-TYPICAL 

j — pr-u 1 

L- 1/A" (IQ mm> K 

nr 
- f/2" X 3/4" 113 X 19 mm) -3/4" (19 mm) —NOTCH FOR FRAME 

fig. 6. Loop wire support arms. 

about 1/8 inch (3mm) in from the 
outside edge, then clamped the supports 
in a vise and cut slots into the holes 
with a hacksaw. Next I folded a piece of 
sandpaper and widened the slots to suit 
the wire size. A piece of string a little 
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Zulu 10... precise 
GMT phislO-minute 
identification alarm. 

Onl^sa 
From Corvus, a unique 100% solid-state 

digital clock packed with features any ham 
radio operator will appreciate. 

Built around a single MOS integrated cir-
cuit, Zulu 10 provides 24-hour GMT with 
to-the-second accuracy. The special alarm 
alerts you every 10 minutes with a soft, 
pleasant signal to help you meet station 
identification requirements. And it's reset 
with a single "flick of the wrist" motion of 
the clock. 

Feature-packed, trouble-free operation. 
• Bright LED displayfor hours and minutes. 

Seconds are indicated by a pulsing lamp 
• Automatic display dimming for easy view-
ing • Attractive, compact silver case • 
Pushbutton controls neatly tucked in base 
• 60 HZ AC operation • Full year written 
warranty 

Designed and engineered for the ham 
radio operator by Corvus Corporation, 
Dallas-based subsidiary of Mostek Cor-
poration, an industry leader in MOS inte-
grated circuit technology. 

Order yours today. 

combs 
1 

13030 Branch View Lane. Dallas. Texas 75234 

Please send me—Zulu 10(5) al $39.95 each, plus $2.65 
for postage and handling (add local and stale tax where 
applicable). I've enclosed • check • money order. 

Name 

Address 

City State Zip 
Money back guarantee, if you are not totally satisfied with 
your Zulu 10, send it back to us within 10 days and your 
money will be refunded. HR 

larger than the wire diameter, rubbed 
over a candle and worked into the slots, 
made it easy to obtain proper tension in 
the loops when securing the ends. 

The feedback-loop support dowel 
should be cut 1/4 inch (6.5mm) shorter 

HEP902 

fig. 7. Suggested power feed for a remote loop 
with fet p ream p. 

than the space between the supports. 
The ends of the dowels should be drilled 
on the vertical centerline to take a short 
length of heavy wire. This wire should 
project 3 /8 inch (9.5mm) at the top and 
1/8 inch (3mm) at the bottom. The 
supports should be drilled at their 
centerline to accept the wire. The dowel 
is inserted into the top support first, 
then swung in to the bottom support 
hole. Rotation to obtain proper feed-
back is by manual adjustment. In con-
structing the loop frame, I cut all pieces 
to proper length and shape, then 
assembled them using Pliobond cement 
and a few brads. 

Fig. 7 is a suggested circuit to supply 
power to a loop antenna preamplifier 
through the coaxial transmission line 
when the loop is in a remote location. I 
suggest that the voltage drop that might 
occur in the two rf chokes be checked 
and, if warranted, the voltage increased. 

references 
1. Frederick E. Terman, Radio Engineers' 
Handbook, McGraw-Hill, New York, 1943, 
page 813. 
2. Keith Henney, Radio Engineering Hand-
book, McGraw-Hill, New York, 1959, pages 
3-26, 19-7, 19-21, 19-116, 19-184. 

ham radio 
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tilt-over tower 
uses extension 

ladder 

Tilt-over tower 

based on the use 

of a 40-foot 

aluminum extension ladder 

is inexpensive 

and easy to erect 

It is difficult to beat the tilt-over tower 
as a means of supporting your beam 
antenna as it permits easy access to the 
elements for adjustments or repairs. Un-
fortunately, these structures are expen-
sive and require a rather elaborate instal-
lation. If you are required to move 
because of a job change, retirement, or 

just plain restlessness, there then arises 
the problem of what to do with the 
tower. Many times it must be either 
given away, or sold at a substantial loss. 

The system described here makes use 
of a readily obtainable aluminum exten-
sion ladder which is light, easy to 
handle, and far less expensive than the 
usual tower. And if you should move, it 
is easier to transport or, if necessary, 
dispose of the ladder which can always 
be put back to the sort of work for 
which it was originally intended. 
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construction 
After installation of this tower, the 

whole assembly is erected in the retract-
ed position; the ladder is then extended 
to its full height for rigging. For my 15-
and 10-meter quad an Alliance TV ro-
tator with thrust bearing was mounted 
on the ladder as shown in fig. 1. To 
prevent twisting and damage to the 
ladder from wind action, a wooden rung 
was inserted at the extreme top of the 
upper section, with two crossed cables 
with turnbuckles for tensioning, as 

-WIRE MESH REINFORCEMENT 

fig. 2. Hinged tilt-over base is made fror 
reinforced concrete. 

shown in fig. 1. Don't mount your beam 
without this modification to the ladder. 

The swiveled feet originally installed 
on the bottom of the ladder were re-
moved by drilling out the rivets and 
reaming the holes to a diameter permit-
ting the insertion of a length of half-
inch (13mm) iron pipe (fig. 2). This 
pipe becomes the pivot which anchors 
the bottom of the tower. 

The ladder is secured vertically 
against the end of the house by a lag 
bolt through a board fitted between the 
vertical members of the ladder's lower 
section as shown in fig. 3. A n eyebolt to 
the frame of the house secures a block 

fig. 3. Method of securing the lower ladder 
section to the house. 

and tackle which is used to raise and 
lower the assembly. 

Guy wires are fastened to the ladder 
by running them through the hollow 
rungs, and attaching the end as shown in 
fig. 4. Thus, extreme or continued 
stresses will not tend to pull the ladder 
apart. 

Ladders of this type are available in 
lengths up to 40 feet (12 meters). With 
the additional height provided by the 
10-foot (3m) rotating topmast, which 
supports the quad, a total height of more 
than 45 feet (13.7m) can be obtained. 

With this type of antenna support, as 
well as with more conventional towers, 
the problem of neighborhood children, 

END OF GUY 
WIRE "S r 

END OF GUY 
WIRE "4" 

fig. 4. Fastening guy wires to the tower (de-
tails of fig. 1 omitted for clarity). 
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SHEET OF 
EXTERIOR 
PLYWOOO TO 
COVER UP 
RUNGS ON 
EACH SIOE 
OF LADDER 

fig. 5. Extension-ladder tower can be child-
proofed by adding plywood covers to each 
side of the ladder. 

or your own for that matter, climbing 
it, with resulting danger of injury, is 
ever present. The ladder can easily be 
made "child proof" by using two pieces 
of outdoor plywood, one on each side 
of the lower section, so that the rungs 
are effectively covered up (fig. 5). A 
conventional tower can be protected in 
a like manner by proper location of 
plywood shields so that no hand-holds 
are present. Means of securing the shield 
will be left to the ingenuity of the 
builder. A hasp from one shield through 
the other, with a padlock, would seem 
to be an effective arrangement. 

This installation has been in place for 
a year or so, and has been very easy to 
operate single-handedly, taking a little 
over an hour to bring down the antenna, 
make whatever adjustments are necessary 
and put it back into operation. 

ham radio 

KEYBORRD 
ENCODER -

AND 

IJTUOOUJOLU 

* 53 Keys 
* ASC II Encoder 
* For: Terminals 

TV Typewriters 
Calculators 
R T T Y Displays 
CATV and more 

More keys—more features and still the same 
price. Our KBD-2 comes with "Line Feed", 
"Cancel" and "Escape" functions for more 
convenient teletype and computer operation. 
Two user defined keys are connected to iso-
lated output lines on the connector to allow 
use as "Here Is", or other such special func-
tions. 

Keyswitches are full typewriter travel and 
response type, arranged in a modified ANSI 
layout. Full length spacebar with equalizer. 
Keyswitches are mounted on a fiberglass cir-
cuit board. The encoder provides a standard 
ASC II output and includes a debouncer 
circuit. ASC II code includes shift and con-
trol functions with three user defined keys 
available. Keytops are first quality double-
shot molded types for permanent good ap-
pearance. Gold plated contacts on key-
switches. NEW-no surplus parts. Typewriter 
style—NOT a modified keypunch board. 
KDB-2 Kit $39.95 ppd 

r 
_ M l 

DEPT H 
219 W. RHAPSODY 
SAN ANTONIO, TX 78216 
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comments 

improved 
log-periodic beams 
Dear HR: 

When I originally started designing 
and building fixed log-periodic wire 
beams, I cut the active elements to 
resonate near the center of the 20- or 
40-meter bands. I later discovered that 
it was better to cut these elements for 
the low end of the desired band. In my 
article on feed systems for log-periodics 
in the October, 1974, issue of ham 
radio, the rear element (element 1) was 
shown to be 35 or 36 feet (10.7m to 
11m) long for the 20-meter antennas, 
and 70 to 72 feet (21.3m to 21.9m) 
long for the 40-meter versions. In these 
log-periodics the active element (ele-
ment 2) was 32 to 33 feet (9.8m to 
10.1m) and 64 to 66 feet (19.5m to 
20.1m), respectively, for the 20- and 
40-meter antennas. 

I have since found that the forward 
gain and front-to-back ratio at the low-
frequency end is improved by making 
elements 1 and 2, respectively, 37 feet 
(11.3m) and 33.4 feet (10.2m) for the 
20-meter antennas, and 74 and 66.8 feet 
(22.6m and 20.4m) long for 40 meters. 
The remaining elements will be propor-
tionately longer. 

When designing log periodics from 
scratch (see article on page 14), I now 
use 13.9 MHz and 6.9 MHz, respec-

tively, for the low cutoff frequency of 
20- and 40-meter log-periodics. This re-
sults in improved performance at the 
low end while the midband and high-
end performance remain the same. 

When installing a log-periodic beam, 
be sure that the area in front of 
the beam is clear of obstructions or 
other antennas. If you position your 
standard dipole or test antenna too 
close to the front of your log-periodic, 
it may completely upset the pattern. 
This was called to my attention by 
Tony Mony, K4LD. He originally had a 
7-MHz inverted-vee only 10 feet (3m) in 
front of his 7-MHz log-periodic (which 
showed no gain). When he removed the 
inverted vee, the log-periodic provided 
lower swr over the 7-MHz band as well 
as good forward gain. 

George E. Smith, W4AEO 
Camden, South Carolina 

remotely-controlled 
gamma match 
capacitor 

Have you ever wished you could 
adjust that gamma-matching capacitor 
on your beam from the ground? Or 
risked your neck up on a tower to get 
that last couple of tenths of vswr? 

Here's a way to make that adjust-
ment right in your shack while sitting 
down. Burstein-Applebee* has a surplus 
TV remote-control reversible motor for 
$3.95 (catalog number 18A1465) which 
has enough torque to do the job. The 
unit comes with a 10k pot with protrud-

* Burstein-Applebee, 3199 Mereier Street, St. 
Louis, Missouri 64111. 
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ing shaft for hand adjustment. I coupled 
this shaft to an E. F. Johnson 140-pF 
transmitting variable with an insulated 
flexible coupler, weatherproofed the 
whole thing in an aluminum box, and 
mounted it on the boom near the driven 
element. Since the Johnson capacitor 
has a double-ended shaft, a control 
knob can be added for hand adjustment 
if you insist. You need a small three-
wire cable down to the shack for remote 
operation and Burstein-Applebee in-
cludes a schematic for the motor which 
operates on 115 volts, 60 Hz. 

Since it's an instant start and stop 
device, with a little practice you can 
catch it at the bottom of the null. The 
10k pot can also be used to work up a 
servo-control to operate a multi-position 
wafer switch for remote antenna switch-
ing. Disable the detent mechanism of 
the switch, though, as the motor doesn't 
have enough torque to overcome it. 

Forrest Gehrke, K2BT 

antenna mast design 
Dear HR: 

The technique of antenna mast design 
discussed in my article "Design Data for 
Pipe Masts," in the September, 1974, 
issue of ham radio is based on approxi-
mations accounting for the fact that 
pipe masts are highly flexible structures. 

i 
\ 
p 

L'P ' (C + -^-ID * (L' + L)F 

SOLVe FOR P 

W B 9 D E S recommends that such 
masts be designed by the technique of 
analysis used for rigid beams. This can 
be done using the curves of the article as 
follows: 

1. Calculate the length of the top sec-
tion as in the example. 

2. Calculate the second section length 
in the same way, but treat this as a trial 
value. For a second trial, refer all upper 
loads to the top of the second section: 
From the curves determine the allow-
able section length, and use this as a 
second trial value. Repeat until the trial 
value and graph value agree. 

3. Repeat the process of step 2 for each 
lower section until the desired height is 
obtained. 

Masts designed by this method will de-
flect less under load, and will have a 
larger safety factor. 

R.P. Haviland, W3MR 
Daytona Beach, Florida 

speech processing 
Dear HR : 

My attention has been called to 
G 6 X N ' s article of speech processing in 
the November and December, 1972, 
issues of ham radio and the subsequent 
correspondence. I feel that there are still 
some points to be clarified, particularly 
in reference to audio speech clipping. 

It is rightly supposed that audio 
clipping produces harmonic distortion 
products within the upper registers of 
the speech spectrum. The superiority of 
rf clipping comes from the fact that 
such products are largely eliminated. 
The unwanted distortion products can 
be regarded as noise and their existence 
constitutes a decrease in the signal-to-
noise ratio, making it more difficult for 
the listener to perceive the essential 
speech components. Harmonic products 
are not, however, the only disturbances 
produced by audio clipping. Largely 
overlooked is a high-frequency mutila-
tion effect. What happens is that on any 
extreme swings of the primary low-
frequency components, any high-
frequency ones get erased by the limit-
ing action of the clipping diodes. This 
can be seen if one analyzes the result of 
the clipping of a compound waveform 

may 1975 S B 75 



BEFORE CLIPPING AFTER CUPPING 

L 
LOW-FRgQ UENCY 
COMPONENTS 

A 

HIGH-FREQUENCY COMPONENTS ^jj 

fig. 1. Speech clipping results In mutilation of 
the higher audio frequencies by the lower 
ones as shown here. V K 4 L R suggests a sub-
band speech processing system to solve this 
problem (see text). 

consisting of two components of about 
equal amplitude (see fig. 1A). Separa-
ting the two components after clipping 
(fig. 1B) illustrates that the high-
frequency one has been reduced to 
modulated pulses. In other words, in the 
presence of a strong low-frequency com-
ponent and with heavy clipping, any 
high-frequency component information 
can only be conveyed during and near 
the times of zero low-frequency compo-
nent value. All high-frequency compo-
nents thus become strongly mutilated. As 
the human voice relies for the most part 
on a number of simultaneously occuring 
frequency components, articulation is 
destroyed by this high-frequency muti-
lation as well as from the occurence 
of harmonic products caused by wave 
squaring. While rf clipping eliminates 
the harmonic product problem it does 
little to cure the mutilation of higher 
frequency audio components. 

One solution I am investigating is 
that of splitting the speech band into a 
number of sub-bands and treating these 
separately by clipping and filtering. The 
sub-bands are combined after processing 

to reconstitute the full speech spectrum. 
Thus, any harmonic products generated 
by the lowest sub-band, 350 to 700 Hz, 
are filtered off by a lowpass filter 
section set to cut off above 70 Hz. Since 
the first troublesome harmonic of the 
lowest possible frequency that can be 
passed is at 1050 Hz, it is well into the 
filter rejection region and can cause 
little offense. Providing several compo-
nents of the speech waveform do not 
both fall into the same sub-band, no 
high-frequency mutilation can occur. 
Analysis of typical speech pattern shows 
that the formats generally fall roughly 
an octave or so apart. Thus simultane-
ous occurrences of two formats in the 
same sub-band would be infrequent. 

Preliminary test of the multi-sub-
band system indicates that very little 
change in speech quality results when 
the system is introduced to the circuit. 
No substantial data has been yet obtain-
ed as to the communication gain that 
might be had, but some reports indicate 
that the gain is considerable. 

L.R. Newsome, VK4LR 
Queensland, Australia 

reciprocating detector 
Dear HR: 

I built a reciprocating detector de-
scribed by W1SNN * and found that the 
concept of locating the reference filter 
in the middle of the passband was not 
acceptable, at least for receivers with 
high selectivity. To use it, I incorpo-
rated another stage of conversion in my 
Collins 75A3, using the original bfo for 
beating so that the passband could be 
shifted in relation to a new reference 
filter crystal frequency of 80 kHz. With 
this addition and a circuit modification 
to make the feedback symmetrical, per-
formance of the circuit has been very 
worthwhile. _ ,, _. „ 

D.H. Gieskteng, W6NLB 
Rialto, California 

•Stirling Olberg, W1SNN, "Reciprocating De-
tector," ham radio, March, 1972, page 32. 

76 Q3 may 1975 



unique method 
of clamping 
aluminum tubing 

Have you ever tightened the U-bolts 
around a 11/4-inch (32mm) aluminum 
tube, only to have it slowly collapse as 
you torque up the nuts? To add to the 
frustration, the aluminum tube takes a 
permanent set which limits the amount 
of force the clamp can be made to 
apply. 

The use of steel U-bolts to join tub-
ing is common practice with commercial 
antenna installations. The U-bolts are 
simple and economical, but their use 
with aluminum tubing generally leads to 
the problem mentioned above. A n alter-
native is to fabricate special clamps, 
such as those illustrated in the ARRL 
Handbook.1 If minimizing weight on 
the mast is as important to you as it is 
to me, then the following description of 
a relatively simple fix, using commercial 
U-bolts, should be of interest. 

Materials. The parts that are needed are 
easily made with a bench vise and a 
hacksaw. If a tube cutter is available, it 
can also be used to advantage. Parts to 
be fabricated are a half-section of VA-
inch (32mm) steel tube about three 
inches (76mm) long, and two 7/16-inch 

1. The Radio Amateurs Handbook, 50th Edi-
tion, A R R L , Newington, Connecticut, 1973, 
figure 22-18, page 634. 

tebook 
( 1 1 m m ) aluminum tubes just long 
enough to fit crosswise inside the VA-
inch (32mm) tubing (about 1-1/8 inch 
[28.5mm] long). The latter should be a 
number-16 tube which has an inside 
diameter of 0.307 inch (8mm).2 

Step-by-step procedure. First, using a 
hacksaw or tubing cutter, cut off a 
3 - i n c h (76mm) section of VA-inch 
(32mm) thinwall steel tube and drill a 
set of holes through it for the U-bolt. 

STEEL HALF SECTION ALUMINUM INSERTS 

fig. t. Mechanical parts required for clamp-
ing aluminum tubing without deforming it 
consist of two aluminum inserts and a steel 
half-section. Assembly of the parts is shown 
in fig. 2. 

(The open end of %-inch [6.5mm] steel 
clamps are generally 1-3/4 inch [44.5 
mm] apart.) Second, place the tube 
crosswise in a vise. Using a hacksaw, cut 
it in half lengthwise, midway between 
the two sets of clamp holes. Remove the 
burrs with a file. 

The third step is to cut two lengths 
of 7/16-inch (11-mm) aluminum tubing 

2. Lewis McCoy, W1ICP, "Aluminum Tubing 
-What Sizes Are Available?" QST, June, 
1969, page 16. 
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//«" (6.3 mm> SCREWS <2) 
(TEMPORARY) 

7/16" (II mm) 0.0. 
ALUMINUM INSERT (2) 
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ALUMINUM 
TUBE 
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holding the insbrts temporarily 

(ft) (ft) 

fig. 2. Assembly of the parts for clamping alu-
minum tubing without deformation. Inserts 
are held in place temporarily with screws (A) 
which are pushed out when the U-bolt is in-
serted (B). 

f Q ) s£b 

sreet mast 

fig. 3. The assembly of 
fig. 2 results in an ex-
tremely strong method 
of clamping an alumi-
num boom to a steel 
mast. 

approximately 1-1/8-inch {28.5mm) 
long, or just long enough to slip cross-
wise inside the 1% inch (32mm) alumi-
num tube. The finished parts are illus-
trated in fig. 1. 

Assembly. It is necessary to insert the 
two 7/16-inch (11mm) aluminum tubes 
inside the 1%-inch (32mm) tubing to 
mate with the U-bolt holes. The inner 
tube can be positioned with the aid of 
long nosed pliers. To hold it in place 
temporarily, drop a %-inch (6.5mm) 
screw through the hole; then insert the 
other 7/16-inch (11mm) tube, holding it 
in a similar manner. The U-bolt can then 
be inserted from the bottom, pushing 
the screws out in the process. Before 
inserting the U-bolt fit one of the steel 
half-sections on the clamp as shown in 
the assembly diagram of fig. 2. 

Using the clamp assembly. Fig. 3 shows 
a typical installation using the modified 
clamp assembly. Note that the alumi-
num inserts and the steel half-tube pre-
vent the V A - i n c h (32mm) aluminum 
tubing from collapsing under the force 
of the U-bolt nuts, either in the vicinity 
of the clamp or at the junction between 
the two tubes. 

Norman J. Foot, W A 9 H U V 

open-wire feeder 
feedthrough insulator 

Open-wire feeders (ladder line or 
twinlead) should be kept clear of ob-
jects which might unbalance the rf cur-
rents on the line. Getting the line from 
indoors to outdoors can thus be a prob-
lem. A feedthrough system can be fash-
ioned from about a foot (30cm) of 
scrap PVC tubing with end plates cut 
from a plastic bleach bottle (fig. 4). Run 
the line through the wall (a screened 
attic gable vent makes an easily pre-
pared place) and through the tubing. 
Cut the end plates with tabs to fit the 
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tubing. Cut a slot in each plate, and 
enlarge it at the center so as not to 
severely bind the feeder. Slide the end 
plates over the feeder, and then into the 
ends of the tube. 

Although the tabs provide enough 
tension to hold the plates in place, 
epoxy or PVC glue will insure they stay 
put. When the glue is set, slide the tube 

fig. 4. PVC feedthrobgh for 
open-wire feeders. Diameter D 
should be two to three times the 
line width W, especially if the 
tube is to pass through metal, solid or screen-
ing (the latter being typical of attic vents). 
The tube should be long enough to allow the 
feeder line to clear eaves and other objects, 
both in and out of doors. 

into the wall hole. You may want to 
paint the tube to match the house exte-
rior. Adjust the feeder so that it runs 
through the center of the tube. A drop 
or two of epoxy will hold it in place. 

Seal the point where the pipe passes 
through the wall. If the tube passes 
through screening, hangers can be fash-
ioned from the same bleach bottle used 
for the end plates. The end plates do 
double duty by also keeping bugs and 
squirrels from getting indoors. 

L.B. Cebik, W 4 R N L 

dielectric antenna 
for 10 GHz 

Above 1296 MHz it is impractical to 
use conventional antennas such as sim-
ple dipole arrays, Yagis and collinears. 
Instead, a different class of antennas is 
found: reflectors (both cylinders and 
parabolas) and horns. One antenna type 

which has seen relatively little amateur 
application is the dielectric rod antenna, 
probably because few military and com-
mercial stations use them, and secondly, 
because their design is largely empirical. 
Finally, the construction of required 
tapered dielectric sections is beyond 
most amateur workshop capabilities. 

The antenna described in this article, 
however, can be easily built by the 
amateur, and consists of a tapered di-
electric slab inserted directly into the 
w a v e g u i d e . Amateurs using coaxial 
systems can m e r e l y use a coax-to-
waveguide adapter. As can be seen in 
fig. 5 , the taper is not smooth, but 
varies in abrupt jumps every 5cm (2 
inches) along the antenna, which is easi-
er to construct. Inside the waveguide, 
the jumps are every 2cm (3/4 inch). 
These dimensions are not critical 
(±0.5cm or ±3 /16 inch) but the incre-
ments should be uniform. The taper 
inside the guide matches the impedance 
of the antenna to the impedance of the 
waveguide. 

The antenna is constructed by lamin-
ating strips of 1/10-inch (2.5mm) thick 
plexiglass window glazing with a solvent 

TOP V I E W 

2cm 2cm 2cm 2ctn 
2' 

5 cm 
r 

5 cm 
sr 

S cm 
2 

5 cm 

SLAB NUMBER 

SIOE V I E W 

SLAB LENGTH 
Z TS" (T cm) 
7.3O" (19 cm! 
10 25" (26 cmJ 
T.IO" (IB cm) 

fig. 5. Dimensions of dielectric antenna 
suitable for use on the amateur 10 GHz 
band. Vertical and horizontal pattern is 
shown in fig. 6. 
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Dielectric antenna for 10 GHz uses laminated 
strips of 0.1" (2.5mm) plexiglass window 
glazing. Gain is about 14.5 dB above an iso-
tropic radiator and Is flat across the 3cm ama-
teur band. 

A word of caution if you use screws. 
First, they must not be conductive and 
second, they should be mounted along 
the centerline of the wide dimension of 
the waveguide; otherwise the resultant 
holes will couple power out of the 
guide, resulting in lower gain and higher 
side lobes. 

The completed dielectric antenna ex-
hibits a gain of 10 dB above an open-
ended section of waveguide or about 
14.5 dB above an isotropic radiator, and 
gain is flat across the 3cm band. The 
horizontal and vertical radiation pat-
terns are plotted in fig. 6. The vertical 
beamwidth is 25° whereas the horizon-
tal beamwidth is about 20°. 

John M. Franke, W A 4 W D L 

such as ethylene dichloride. This thick-
ness is chosen because four layers close-
ly match the ins ide height of the 
commonly used WR-90 waveguide. All 
of the strips are 0.9 inch (23mm) wide. 
The result is a tapered dielectric plug 
which slides easily into the waveguide. 
The plug can be secured in the guide 
with either non-conducting epoxy ce-
ment or nylon screws. 

0 _ 

-3 O B ^ V 

-10 dO \ 

-15 tfB \ 

-SO dB 

- 2 5 dB 

30' SO' 10' O" 10' 20- 3 0 -

Q HORIZONTAL PATTERN 

0 

- 3 OS ^ ^ ^ 

-10 dB \ 

-IS dB 

- 2 0 dB 

- 2 3 OB 

3 0 * 20' 10' 0 * 10' 20' 30-

Q VERTICAL PATTERN 

fig. 6. Vertical (A) and horizontal (B) radia-
tion patterns of the dielectric rod antenna at 
10 GHz. 

cornell-dubilier 
ham rotators 

Corne l I-Dubilier Electronics* has 
confirmed that the Ham-M and the 
Ham-ll rotators, and also the control 
units, are interchangeable. Therefore, 
stand-by spare rotators of either kind 
can be used with either control unit. 
Furthermore, all rotator parts have the 
same stock numbers and internal photo-
graphs, so spare parts can be kept on 
hand and used in either rotator. 

In addition to the convenient calibra-
tion switch, the addition of a 180-ohm 
resistor and a 13-volt zener regulator to 
the Ham-M is a welcome change as it 
holds the calibration constant under 
conditions of varying line voltage. 

The possibility of burning out the 
direction indicator potentiometer can 
be eliminated by placing fuses between 
the potentiometer and terminal screws 3 
and 7, inside the rotator. 

Bill Conklin, K 6 K A 

'Cornell Dubilier Electronics, Department C, 
118 East Jones Street, Fuquay-Varina, North 
Carolina 27526. 
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antenna 
circuit indicator 

® U..J,' ' ^ f l 

r 
A new automatic indicating device 

designed to warn vhf communications 
equipment operators of antenna prob-
lems has been announced by Ascom 
Electronic Products, a division of The 
Antenna Specialists Company. Recog-
nizing the fact that mobile communica-
tions antennas are often subjected to 
some degree of damage, and that the 
problem is usually not immediately de-
tected by the operator, the antenna 
circuit indicator immediately alerts the 
operator to a problem. It also helps 
prevent damage to equipment by elimi-
nating long periods of transmission into 
extremely high vswr. The indicator, 
model ASM-104, is an especially valu-
able device where maintenance of com-
munications is critical. 

The new Ascom antenna circuit indi-
cator is designed for easy mounting 
under the vehicle dash. Two lights are 

used to give the operator instant indica-
tion of the system's operation. When 
transmitting, one light indicates the 
normal condition of rf power being 
transmitted. Should the second indi-
cator light, showing reflected rf power, 
it alerts the operator to antenna prob-
lems that could affect communications 
capability. For reliability, LEDs are 
used for indicators, eliminating bulb 
burn-out problems. The unit uses no 
batteries or connection to other power 
sources, requires only 10 watts or more 
of rf energy, and operates over a fre-
quency range of 144 to 174 MHz. Com-
plete details on the new ASM-104 indi-
cator are available from Ascom Elec-
tronic Products, 12435 Euclid Avenue, 
Cleveland, Ohio 44106, or by using 
check-off on page 126. 

aluminum towers 
Anew line of fully-assembled, crank-up 

aluminum communications masts in 40 
to 60 foot heights, and prefabricated 
towers up to 100 feet, has been an-
nounced by Fred Franke, Inc. The 
maintenance-free Aluma Towers are 
available in a variety of heights and 
designs for ham radio and commercial 
and industrial communications systems. 
The 40-foot tower weighs 56 pounds 
and the 60-foot model weighs only 95 
pounds. Both include the crank-up 
feature. 

The corporation will also manufac-
ture a fixed-guy tower using 10- or 
20-foot sections up to a total of 100 
feet. The first 50 feet can be assembled 
on the ground with the remaining units 
added with special pre-drilled sleeves. 
The weight of a 10-foot add-on section 
is only 15 pounds. A special non-guyed 
tower for mobile homes will also be 
available. This unit will include a 20-
foot high triangular base with a 10-foot 
extension for a total of 30 feet. The 
crank-up models, all heliarc welded, are 
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FREE D A T A SHEETS 
WITH E V E R Y ITEM 
738/749 IC WITH 4 
E V E R Y $10 ORDER 

delivered fully assembled and can be 
raised on a concrete or driven stake base 
in less than an hour with no special 
equipment. 

Dealerships for the distribution of 
the Aluma Towers through retail outlets 
are being established throughout the 
country. Inquiries may be directed to 
Fred Franke, Inc., 1639 Old Dixie High-
way, Vero Beach, Florida 32960, or use 
check-off on page 126. 

antenna 
magnetic mount 

Using a new type of permanent 
magnet in a configuration that achieves 
maximum magnetic pull, Larsen An-
tennas has just introduced a mobile 
antenna that has an amazing ability to 
"stay put." In fact, the hold is so strong 
that caution must be exercised when 
placing the mount to be sure you get it 
where you really want it. 

The Larsen Magnetic Mount is avail-
able in five different models which 
accommodate all popular types of 
mobile antennas including Motorola, 
GE, DB Products, Antenna Specialists 
and, of course, all Larsen Models. The 
unit comes complete with 12 feet 
(3.7m) of RG-58A/U coax and plug all 
attached. All that is needed to become 
operational is to screw the antenna into 
the base, place the magnetic base on the 
vehicle roof, fender, trunk or any other 
convenient spot and run the attached 
coax to the equipment. 

The magnet used on the Larsen 
mount is guaranteed to be permanent 
and to stay in place on the vehicle (a 
flat surface is required) at any highway 
speed. Design of the mount is such that 
full capacitance coupling assures ade-
quate ground plane for full antenna 
efficiency. For more details, write to 
Larsen Antennas, Post Office Box 1686. 
Vancouver, Washington 98663, or use 
check-off on page 126. 

• REDUCE YOUR PROJECT COSTS 
• MONEY-BACK GUARANTEE 
• 24-HOUR SHIPMENT 
• ALL TESTED AND GUARANTEED 

• TRANSISTORS (NPN): 
2N3563 TYPE RF Amp & Oic to 1 GHz (pl.2N918) 6/11.00 
2N3565 TYPE Gin. Purpose High Gain (T0-92/106) 6/S1.D0 
2N3S67 TYPE High-Currant Amplifier/Sw 500 mA 4/S1.00 
2N3866 TYPE RF Pwr Amp 1-2 W€> 100-600 MHz 11.50 
2N3903 TYPE GP Amp & Sw to 100 mA and 30 MHz 6/S1.00 
2N5108 RF POWER AMP 2 W£>450 MHz, 1 W 0 1 GHz $2.50 
2N3919 TYPE RF Pwr Amp 3-5 W ® 3-30 MHz $3.00 
2N4274 TYPE Ultra-High S p u d Switch 12 ns 4/S1.00 
MPS65 I5 TYPE High-Gain Amplifier hpE 250 3/5100 
Assort. NPN GP TYPES. 2N3565. 2N3641, ate. <15) $2.00 
2N3638 TYPE (PNP) GP Amp & Sw to 300 mA 4/$1.00 
2N4249 TYPE (PNP) low-Noise Amp 1 y A to 50 mA 4/S1.00 

• F E T ' s : 

N -CHANNEL (L0W-N0ISE): 
2N4091 TYPE RF Amp & Switch (TO-18/106) 3/S1.00 
2N4416TYPE RF Amplifier to 450 MHz (TO-72) 2/$1.00 
2N5163 TYPE Gen. Purpose Amp & Sw (TO 106) 3/S1.00 
2N5486 TYPE RF Amp to 450 MHz (plastic 2N441E) 3/$1.00 
E100 TYPE Low-Cost Audio Amplifier 4/$! .00 
ITE4868 TYPE Ultra-low Noise Audio Amp. 2/51.00 
TIS74 TYPE High-Speed Switch 4012 3/S1.00 
Assort. RF & GP FET's, 2N5163. 2N5486, etc. 18) $2.00 
P-CHANNEL: 
2N4360 TYPE Gen Purpose Amp 8 Sw (TO 106) 3/S1 00 
E l 75 TYPE High speed Switch 12SQ(TO-1Q6) 3/S1.00 

MAY SPECIALS : 
1N4154 DIOOE 30 V/IOmA 1N914 axe. 30 V 20/11.00 
2N3904 NPN TRANSISTOR GP Amp & Switch 5/S1.00 
2556 DUAL 555 TIMER t «dac to 1 hour (DIP) $1.00 
340T 1A VOLT. REG. - Specify 6.12 or 15 V $1.75 
MM5316 Digital Alarm Clock-Snooze/Alarm/Timer 

Hrs, Mint, Sacs, 4 or 6 Digit - With Specs/Schematics $6.95 
MM573G 6-Oigit 4-Function Calculator 18 PIN DIP $3.95 

• L I N E A R IC ' s : 
308 Micro-Power Op Amp (TO-5/MINI OIP) $1.00 
309K Voltage Regulator 5 V @ 1 A (T0-3) $1 50 
324 Quad 741 Op Amp, Compensated (DIP) $1.90 
380 2-5 Watt Audio Amplifier 34 dB (DIP) $1.29 
555X Timer 1 jis-l hr. Oif. pinout from 555 (DIP) $ .85 
709 Papular Op Amp (OIP/TO-5) $ .29 
723 Voltage Regulator 3-30 V @ 1-250mA (0IP/T0-5) $ .58 
739 Dual low-Noise Audio Preamp/Op Amp IDIP) $1.00 
1458 Dual 741 Op Amp (MINI-DIP) $ .65 
741 Freq. Comp. OP A M P IQIP/TO-5/MINI-DIP) 3/$1.00 

• D IODES: 
1N3600 TYPE Hi Speed Sw 75 V/200 mA 6/$1.00 
1N3893 TYPE RECT IF I ER Stud Mount 400 V/12 A 2/$1.00 
1N914 or'lN4148 TYPE Gen. Purp. lOOV/lOmA 10/51.00 
1N749 ZENER 4.3 Volt {t 10%) 400 mW 4/5100 
1N753 ZE N E R 6.2 Volt (±1 0%) 400 mW 4/Sl .00 
1 N 7 5 5 2 E N E R 7.5 Volt (±10%)400 mW 4/$1.00 
1N757 Z E N E R 9.1 Volt (±10%) 400 mW 4/51.00 
1N758 Z E N E R 10 Volt (±10%) 400 mW 4/$1.00 
1N365 ZENER 15 Volt (±10%) 400 mW 4/51.00 
1N968 ZENER 20 Volt (±10%) 400 mW 4/51.00 
0 5 V A R A C T O R 5-50 W Output <9> 30-250 MHz, 7-70 pF $5.00 
F7 V A R A C T O R 1-3 W Output @ 100-500 MHz, 5-30 pF $1.00 

•MAIL NOW I F R E E D A T A SHEETS supplied with (vary Item from 
this ad. F R E E 739 or 749 Low-Noise Duel Op Amp included <$1.00 
value) with every ordar of $10 or more, postmarked prior to 6/30/75. 
O R D E R T O D A Y - A I I iiemi subject to prior sale and prices subject to 
Change without notice. All items are new surplus parts - 100% 
functionally tested. 
WRITfe FOR F R E E C A T A L O G offering hundrads of semiconductors 
not listad here. Send 10« stamp. 
TERMS: All orders must tie prapaid. We pay postage. $1.00 handling 
charga on ordar* unetar $10. Calif. ratidants add 6 % tata* tax. Foraign 
orders - add postage. COO orders - add $1.00 service charge. 

ADVA m mmt^ mm ^ E L E C T R O N I C S 

BOX 4181 AE,WOODSIDE.CA 94062 
Tel. (415) 851-0455 
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a •eA\C4|_HR-2B gives 
a lot to ta lk over 

programmable 
calculator 

American Made Quality at Import Price 

Full 12 Channel, 15 Watts 
with HI/LO power switch 

Here is everything you need, at a price 
you like, for excellent 2 meter FM 

performance. The 12 transmit channels 
have individual trimmer capacitors 

for optimum workability in point-
to-point repeater applications. 

Operate on 15 watts (minimum) 
or switch to 1 watt. 0.35 uv sensitivity 

and 3 watts of audio output 
make for pleasant, reliable listening. 

And the compact package is 
matched by its price. § f l f l f | Q Q 229' 

Amateur Net 

ELECTRONICS, INC. 
7707 Records Street 

Indianapolis, Indiana 46226 

An FM Model For Every Purpose 
Every Purse 

IM P N I • - » » » » F 

H H - 6 

12 Channels Watt 
6 Meier FM Ttansceivef 

H H 2 2 0 

12 Channtli 10 Walls 
220 MHl FM Ti amceivei 

ACT 10H/1/U 
] Band 10 Channel FM 

Scannei RB C E I V C I 

A new programmable scientific pock-
et calculator with significantly more 
keyboard functions and addressable 
memories than any previous pocket 
model was recently introduced by 
Hewlett-Packard. The new HP-55 is also 
the f irst pocket calculator w i t h a built-
in digital timer, valuable for short, 
timed experiments. 

The nine-ounce HP-55 features sim-
plified, keystroke programming, with 49 
steps of program memory plus branch-
ing, testing and editing capability; 
twenty addressable memories, twice as 
many as any other pocket model; a total 
of 86 keyboard functions, operations 
and conversions; plus a digital timer 
with 100-hour capacity and the ability 
to store and recall as many as 10 splits 
(elapsed time readings within an event). 
Price of the HP-55 is $395.00 (domestic 
USA). 

Like other HP pocket calculators, the 
HP-55 features the RPN (Reverse Polish 
Notation) logic system with a four-
memory stack that holds intermediate 
answers and automatically brings them 
back when needed in a calculation. Be-
yond the standard arithmetic, trigono-
metric and logarithmic functions (in-
cluding antilog), the HP-55 will work in 
any of the three trigonometric modes — 

86 EQ may 1975 More Details? C H E C K - O F F Page 126 



degrees, radians and grads - and allows 
the user to convert among any of them. 
The direct polar/rectangular conversion 
also enables the user to perform vector 
arithmetic. 

The 20 addressable memory registers 
in the new calculator permit register 
arithmetic (with 10 memories) and sim-
ultaneous two-dimensional vector accu-
mulation. The statistical functions of 
the HP-55, coupled with the 20 address-
able memories, give the user the ability 
to do two-variable mean and standard 
deviation, linear regression and linear 
estimate, curve plotting and four simul-
taneous linear equations wi th four 
unknowns. 

The direct conversions on the HP-55, 
which work both ways, include inches/ 
millimeters, feet/meters, US gallons/ 
liters, pounds mass/kilograms, pounds 
f o r ce /Newtons , degrees farenheit/ 
degrees centigrade, and BTU/Joules. 
A d d i t i o n a l capabil i t ies include per-
centage, root extraction, n factorial (for 
permutations and combinations), squar-
ing numbers, raising numbers to powers 
and calculating reciprocals. The con-
stant pi also is included. 

HP has added a quartz crystal to the 
HP-55 circuit to provide a 100-hour 
timer accurate to ±.01 percent. In the 
timer mode, the calculator display shows 
hours, minutes, seconds, tenths and hun-
dredths. While the timer is running, the 
user can take and store up to 10 splits 
simply by pushing the digit keys. After 
the timer is stopped the splits may be 
recalled by pressing the appropriate 
digit key. 

The HP-55 can display up to ten 
significant digits with a two-digit expo-
nent and appropriate signs, and comes 
with an owner's handbook, quick refer-
ence guide, program notation pad and 
an ac adapter/recharger that allows the 
calculator to be operated on ac while its 
batteries are recharging. The HP-55, like 
other HP pocket calculators, will be sold 
through HP's calculator sales force, by 
direct mail and through leading college 

NEW! HR-440 
12 Channel 

440 MHz FM Transceiver 

Delivers 10 Watts of Power 
and 12 Channel Capability 

You'd like the crystal dear transmit 
and receive performance of 

this compact 440 MHz unit . . . 
and so wi l l those listening. 

Solid state design brings you 
the best in American Made 

circuitry. Features include 
Automatic Frequency Control and 

UHF power module. Frequency 
range is 420-450 MHz, w i th 0.5 MV 

tune-up sensitivity and 3 watts 
audio output. No need to worry 

about current drain, either. And 
all of this for the low, low price 

of only 
$ 349 00 

Amateur Not 

ELECTRONICS, INC. 
7707 RECORDS STREET 

NDIANAPOLIS, INDIANA 46226 

An FM Model For Every Purpose 
Every Purse 

n i i i i i i i u 
HR-6 HRT-2 ACT 10H/L/U 

12 Channel-25 Walls S Channel Hand-Held 3 Band-10 Channel 
6 Meter FM Transceiver 2 Meier FM Transceiver FM Scanner Receiver 
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Glade Valley School Radio Session 
16th Year - July 26 thru August S, 1975 

Restructuring is coming! 
Get that license now! 

Let the experienced staff from the Glade 
Valley School Radio Session help you solve 
that license problem. Whether you arc 
looking for your General, Advanced or Am-
ateur Extra ticket they will help you in 
every way with their carefully prepared pro-
gram to get the license you are looking for. 
Have a "Vacation with a Purpose" at this 
beautiful location in the Blue Ridge Moun-
tains. A highly qualified staff and excellent 
facilities combine to make license study a 
pleasant memorable experience. 

C. L. PETERS, K4DNJ, Director 
P. O. Box 458, Glade Valley, N. C. 28627 

Please send me the Booklet and Application 
Blank for the 1975 Glade Valley School 
Radio Session 

Name. 
Address. 

.Call. 

City/State/Zip_ 

ELECTRONIC 
ENGINEERS 

RF COMMUNICATIONS 
has immediate openings for 
Electronic Project Engineers 
and Design Engineers exper-
ienced in HF, SSB, VHF/ 
U HF — FM communica-
tions equipment, or both. 

Call or write Ken Cooper, W2FLZ 

(716) 2 4 4 - 5 8 3 0 

R F Communicat ions Division 

C O M M U N I C A T I O N S A N O 
I N F O R M A T I O N H A N D L I N G 

1 B S D U n i v e r s i t y A v e n u o 
R o c H o b c b i - . N e w Y o r k 1 4 6 1 0 U S A 

Utuai OpCC'luntlf v t 

bookstores and department stores. 
Two handbooks containing programs 

for the HP-55 programmable scientific 
pocket calculator are also available. The 
$10 .00 books, "HP-55 Mathematics 
Programs" and "HP-55 Statistics Pro-
grams," contain general descriptions of 
the programs, formulas used in each 
program solution, numerical examples, 
user instructions, program listings and 
register allocations. 

For more information, use check-off 
on page 126, or write to Inquiries Man-
ager, Hewlett-Packard Company, 1501 
Page Mill Road, Palo Alto, California 
94304. 

precision balanced 
mixer 

Lithic Systems has announced a pre-
c is ion balanced m ixe r IC, types 
LS1596A and LS1596B, which are plug-
in replacements for the popular 1596 
balanced mixer. The frequency range of 
the new LS1596A/B has been increased 
to 250 MHz, and its guaranteed match-
ing characteristics permit untrimmed 
operat ion with precision loads and 
sources. Applications include balanced 
modu la t i on and demodulation, fre-
quency heterodyning and multiplica-
tion, multiplexing and demultiplexing, 
and phase detection in ssb, dsb, a-m, fm 
and audio communications systems. 

The LS1596A and LS1596B are 
available in 10-pin T0-100 packages. 
The LS1596B guarantees 1% internal 
matching while the LS1596A is speci-
fied at 2%. For more information, write 
to Robert A. Hirschfeld, Lithic Systems, 
Inc., Post Office Box 478, Saratoga, 
California 95070, or use check-off on 
page 126. 

volt-ohmmeter 
A skillful blending of features, qual-

ity parts and performance at an attrac-
tive low price may make the new RCA 
WV-547A volt-ohm-milliameter the best 
selling general-purpose test instrument 
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GEM-QUAD FIBRE-GLASS 
ANTENNA FOR 10, 15, and 20 METERS in the electronic servicing field, accord-

ing to RCA Electronic Instrument 
officials. Features that are not normally 
found in any vom test instrument selling 
under $50 are included in the new RCA 
Tech Vom which is priced at only 
$19.95. These features include a no-
stick taut-band diode-protected meter, 
dual detent function switch for long 
life, a rugged high-impact plastic case, 
accuracies of ±3 percent dc, ±4 percent 
ac with 20,000 ohms-per-volt dc sensi-
tivity, and five functions with one per-
cent precision resistors on all 19 ranges. 

Designed for general purpose testing 
and servicing applications, the new RCA 
Tech Vom comes complete with test 
leads. An op t iona l carry ing case 
(WG-447A) is available for $5.75. Addi-
t iona l i n f o rma t i on on the RCA 
WV-547A is available from RCA Elec-
tronic Instrument Distributors, from 
RCA Electronic Instruments, 415 South 
Fifth Street, Harrison, New Jersey 07029, 
or by using check-off on page 126. 

visual display unit 

SMWMfT'W 

4 • • . 

H A L Communications Corporation 
has announced their new RVD-1005 
visual display unit, the second genera-
tion version of the HAL RVD-1002, the 
first visual display unit offered to the 
teletype operator. The features that 
have made the RVD-1002 so popular 
are retained in the RVD-1005, and some 
new features have been added. For 
example, the RVD-1005 offers opera-
tion at 60, 66, 75 and 100 wpm, manual 
line feed and letters shift controls, se-

Two Elements $129.00 
Extra Elements $90.00 

Price is F.O.B. Transcona 
INCLUDES U.S. Customs Duty 

KIT COMPLETE WITH 
^SPIDER 
*ARMS 
*WIRE 
*BALUN KIT 
*BOOM WHERE NEEEDED 

W I N N E R O F MANITOBA D E S I C N 
INSTITUTE A W A R D O F E X C E L L E N C E 
Buy two elements now — a third and fourth 
may be added later with little effort. 
Enjoy up to 8 db forward gain on DX, with a 
25 db hack to front ratio and excellent side 
discrimination. 
Get a maximum structural strength with low 
weight, using our "Tridetic" arms. 

GEM QUAD PRODUCTS 
Box 53 

Transcona, Manitoba, Canada R2C 2Z5 

DUPLEXER KITS 
PROVEN DE-
SIGN OVER 150 
SOLD IN US. 
CANADA. EU-
ROPE. CON-
STRUCTION 
WELDED 
ALUMINUM IRI-
OITE & SILVER 
PLATED 

, 1 1 j 1 1 i i 
» 4-' 
* 1 

r * i ! 
• 

SEE JAN. 74 
QST RECENT 

EQUIPMENT 
ALL PARTS 

PROFESSIONAL 
QUALITY 

EVERYTHING 
SUPPLIED 

CAN BE ASSEMBLED & TUNED IN ONE EVE-
NING. NO SPECIAL TOOLS. RECEIVER & 
TRANSMITTER CAN BE USED FOR TUNE UP. 
MOD. 62-1 6 CAVITY 135-165 MHz POWER 

250W ISOLATION GREATER THAN 
100dB 600 kHz. INSERTION LOSS .9 dB 
MIN. TEMP STABLE OVER WIDE RANGE 

PRICE $349.00 
MOD. 42-1 4 CAVITY SAME AS 6 CAVITY EX-. 

CEPT ISOLATION GREATER THAN 80 dB 
600 kHz INSERTION LOSS .6 dB MAX 

PRICE $249.00 
O T H E R KITS S O O N TO BE A V A I L A B L E 

146 to 148 M H z band pass filter. 1296 & 2304 Interdigilal Mixers 
144 to 450 M H z 250w tube amp. 130 to 1 7 0 M H z notch filter kit 

NORTH SHORE RF TECHNOLOGY 
9 SOUTH ST SALEM MASS 01070 

TEL. (617) 745-4177 
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WE'RE FIGHTING 
INFLATION 
NO PRICE RISE IN175 

FOR FREQUENCY 
STABILITY 
Depend on JAN Crystals. Our large stock of quartz 
crystal materials and components assures Fast 
Delivery from us! 

CRYSTAL SPECIALS 
Frequency Standards 

100 KHz (HC 13/U) $4,50 
1000 K H z ( H C 6/U) , , , . 4 . 5 0 

Almost all CB sets. TR or Rec $2.50 
(CB Synthesizer Crystal on request) 

Amateur Band in FT-243 ea. $1.50 
4/$5.00 

80-Meter $3.00 (160-meter not avail.) 
Crystals for 2-Meter, Marine, Scanners, etc. Send 
for Catalog. 
For 1st c lass mail, add 20' per crystal. For Airmail, 
add 25*. Send check or money order. No dealers, 
please. 

Div, ot Bob Whan & Son Electronics. Inc 
2400 Crystal Dr . Ft Myers. Fla. 33901 
All Phones: (813)936 239/ 
Send 10' lor new catalog with 12 
oscil lator circuits and l ists ol 
frequencies in s lock 

CRYSTALS 

Radio Amateurs 
Reference Library 
of Maps and Atlas 

WORLD PREFIX MAP — Full color. 40" * 28". shows 
prefixes on each country . . . DX zones, time zones, 
cities, cross referenced tables $ 1 . 2 5 
RADIO AMATEURS GREAT C I R C L E CHART OF THE 
WORLD — from the center of the United Stales! Full 
color. 30" * 25". listinp Great Circle bearings in de-
grees for six major U.S. cities; Boston. Washington, 
D. C,, Miami, Seattle. San Francisco & Los Angeles. 

$1.25 
RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color. 30" * 25" — includes Central America and tne 
Caribbean lo the equator, showing call areas, zone 
boundaries, prefixes and time zones, FCC frequency 
chart, plus useful information on each of the 50 
United States and other Countries $ 1 . 2 5 
WORLD ATLAS — Only atlas compiled for radio ama-
teurs. Packed with world-wide information — includes 
I I maps, in 4 colors with zone boundaries and coun-
try prefixes on each map. Also includes a polar pro-
jection map of the world plus a map of Ihe Antarctica 
— a complete set of maps of the world. 20 pages, 
size 8 >/," x 12" $ 2 . 5 0 
Complete reference library of maps — set of 4 as listed 
above $3.75 

See your favorite dealer or order direct. 
Mail orders please include 50c per order for postage and handling. 

RADIO AMATEUR I 

Opnf c 925 Sherwood Drive 
p i - 1 1 Lake Bluff, III. 60044 

lectable letters-shift-on-space control 
and automatic carriage return — line 
feed on line feed (non over-print). 

New features include display format 
of 25 lines, 40 characters per line; auto-
matic carriage return; and speed indica-
tor. The automatic carriage return will 
line feed on space when space is re-
ceived after the 34th character. Prevents 
splitting of short words (will not split 
words of six characters or less). The 
speed indicator times the incoming sig-
nal and causes an LED to light, showing 
the operator which speed switch to se-
lect. This is especially helpful when 
tuning unknown commercial stations. 

Operation of RVD-1005 is similar to 
that of the RVD-1002. The incoming 
signal from the terminal unit, or key-
board, is decoded, stored, and a video 
signal is generated which is fed to a 
video monitor or modified T V set. The 
TV set modification consists only of 
coupling the video through a capacitor 
to the first video stage of the set. The 
TV set should have a power transformer 
so the chassis is isolated from the power 
line. 

The price of the RVD-1005 is being 
held at $575, postpaid in the continen-
tal USA (except California, Oregon and 
Washington, add $5). For more informa-
tion, write to HAL Communications 
Corporation, Box 365, Urbana, Illinois 
61801, or use check-off on page 126. 

wireless telegraphy 
For many years, beginning around 

1800, the Royal Institution in London 
sponsored a series of lectures on sub-
jects related to the physical sciences, 
astronomy and geology. In 1851, when 
the regular publication of abstracts be-
gan, the Institution had already been a 
major research center for fifty years. 
Halstead Press, in their Royal Institu-
tion Library of Science, is reproducing 
many of the more important lectures. 
One of the volumes in the series, Wire-
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/ess Telegraphy, Edited by Sir Eric East-
wood, traces the development of tele-
communications from the 1850s, when 
the submarine telegraph and Atlantic 
cable were first discussed. Attention 
turned to telephony in the 1870s, and 
then to "Signalling through Space With-
out Wires," a famous lecture by William 
Henry Preece in 1897. From 1900 on 
the lectures were devoted to the devel-
opment of wireless telegraphy, radio 
telephony and microwaves. 

Marconi was a member of the Royal 
Institution and a frequent contributor 
to its famous series of Friday night 
discoures. Many of his lectures are con-
tained in this book including "Wireless 
Te legraphy" (1900), "Transatlantic 
Wireless Telegraphy" (1908), and 
"Radio Communications by Means of 
Very Short Waves" (1932). John Am-
brose Fleming, most famous for his 
invention of the diode detector, lec-
tured on developments in radio com-
munications and thermionic vacuum 
tubes. 

Amateurs who are interested in the 
history of telecommunications will find 
this series of twenty-two lectures, given 
over a period of seventy-five years, to be 
both entertaining and educational. 391 
pages, hardbound, $32.50 from Hal-
stead Press, 605 Third Avenue, New 
York, New York 10016. 

programmable 
operational amplifier 

A new programmable operational 
amplifier which permits tailoring the 
electrical parameters to the user's needs 
has been introduced by Motorola Semi-
conductor. Programming is achieved by 
a choice of an external resistor value of 
a current source applied to the l s e t 

input. This allows optimization of dc 
characteristics such as input current, 
power consumption and bias current, 
and ac characteristics such as open-loop 
voltage gain, slew rate and gain-

UNIVERSAL TOWERS 
F R E E S T A N D I N G A L U M I N U M T O W E R 

1 0 ' t o 100 ' 
Prices f rom $ 1 1 0 . 0 0 (30 ' ) 

MOST 
POPULAR 

HAM TOWER 
EVER MADE! 

REQUEST 

NEW CATALOG 
OF 

TOWERS & 
ANTENNAS 

Midwest Ham Headquarters 
For Over 36 Years 

HAMS! Writo For Free Catalog and Wholesale Pricesl 

ELECTRONIC DISTRIBUTORS, INC. 
I 9 6 0 Peck Muskegon , Ml 4 9 4 4 1 

Tel: 616-726-3196 T E L E X : 22-8411 

R-X NOISE BRIDGE 

• Learn the truth about your antenna. 
• Find its resonant frequency. 
• Find R and X off-resonance. 
• Independent R & X dials greatly simplify 

tuning beams, arrays. 
• Compact, lightweight, battery operated. 
• Simple to use. Self contained. 
• Broadband 1 1 0 0 M H z . 
• Free brochure on request. 
• Order direct. S39.95 PPD U.S. & Canada 

(add sales tax in Calif.) 

B O X 4 5 5 , E S C O N D f D O , C A 9 2 0 2 5 
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BREAKTHROUGH 
THE PILE-UPS! 

WITH THIS 
ONE. 

< 

ITS 
THE 

SViWAM P I H I C m i K 
• A v e r a g e to Peak A u d i o Rat io M 0 D E L 60 

Increased up to 8 d b . 
• Bat tery Power In te rna l—1 .5MA Dra in . 
• Frequency ±1-1/2 d b - 3 0 0 - 3 0 0 0 Hz. 
• Process G a i n Control w i t h I n - O u t Switch. 

M O D E L 6 0 W — A S S E M B L E D $ 2 9 . 9 5 
M O D E L 6 0 K — KIT $ 2 3 . 9 5 
2 0 0 - 1 5 K PC B O A R D KIT $ 1 4 . 9 5 

ORDER DIRECT OR WRITE FOR BROCHURE 
AND NAME OF NEAREST DEALER. 

P H O N E : ( 8 1 4 ) 4 3 2 - 3 5 4 7 
B O X 1 8 5 - A . F R A N K L I N . P A . 1 6 3 2 3 

POLICE CALL 
F R E Q U E N C I E S / C A L L L E T T E R S / 

A R E A S O F O P E R A T I O N 
• Police • A m b u l a n c e • Rescue Squad 

• F ire • Paramedic • 
1 9 7 5 E D I T I O N 

Government 

• 9 V o l u m e s n o w avai lable 
• Price . . . 8 4 . 9 5 per vo lume , plus postage a n d handl ing. 

. 8 0 per v o l u m e for first class or 

. 3 0 per v o l u m e for f o u r t h class. 
N e w Jersey residents add 2 5 1 per v o l u m e for 
sales tax . 

• V O L U M E 1 . . . C o n n e c t i c u t . M a i n e , Massachusetts. N e w 
H a m p s h i r e , N o w Y o r k , R h o d e Is land, 
V e r m o n t 

• V O L U M E 2 . . . D e l a w a r e , M a r y l a n d , N e w Jersey, 
Pennsylvania 

• V O L U M E 3 . . O h i o , M i c h i g a n 
• V O L U M E 4 , . . I l l inois , I n d i a n a , K e n t u c k y . Wisconsin 
• V O L U M E 5 . . . I o w a , Kansas. M i n n e s o t a . Missour i , 

Nebraska . N o r t h D a k o t a , S o u t h D a k o t a 
• V O L U M E 6 D is t r ic t o f C o l u m b i a , F l o r i d a , Georg ia . 

N o r t h C a r o l i n a , S o u t h C a r o l i n a , V i r g i n i a . 
West V i r g i n i a 

• V O L U M E 7 . . . A l a b a m a . A r k a n s a s , L o u i s i a n a , 
Mississippi, O k l a h o m a , Tennessee, T e x a s 

• V O L U M E 8 . . . A r i z o n a . C o l o r a d o . I d a h o , M o n t a n a . N e w 
M e x i c o , N e v a d a , U t a h . W y o m i n g 

• V O L U M E 9 . . . C a l i f o r n i a . O r e g o n , W a s h i n g t o n 

Send Money Order or Check to: 
P O L I C E C A L L M A G A Z I N E 

L E B A N O N . N E W J E R S E Y 0 8 8 3 3 

b a n d w i d t h p r o d u c t , t o t h e user's 
requ i rements . 

T h e M C 3 4 7 6 opera t iona l a m p l i f i e r is 
designed t o o p e r a t e over a p o w e r - s u p p l y 
vol tage range f r o m ± 6 volts t o ± 1 5 volts. 
Its l o w p o w e r c o n s u m p t i o n o f 4 . 8 m W 
( typ ica l ) makes it pa r t i cu la r ly useful in 
b a t t e r y opera ted e q u i p m e n t . O t h e r fea-
tures inc lude l o w i n p u t o f f s e t a n d bias 
c u r r e n t (a m a x i m u m o f 2 5 a n d 5 0 nano-
amps, respect ively) and a high i n p u t 
resistance of 5 megohms, t yp ica l . T h e 
a m p l i f i e r requires n o f r e q u e n c y c o m -
pensat ion and has o f fse t nu l l capab i l i t y 
and shor t -c i rcu i t p r o t e c t i o n . 

D e s p i t e e l e c t r i c a l characterist ics 
w h i c h c o m p a r e f a v o r a b l y w i t h some o f 
t h e be t te r o p - a m p speci f icat ions, t h e 
M C 3 4 7 6 opera t iona l a m p l i f i e r price is 
c o m p e t i t i v e w i t h some o f t h e lowest 
cost units cur ren t l y avai lable. T h e de-
vice is avai lable in b o t h plastic and 
m e t a l packages. F o r f u r t h e r in fo rma-
t i o n , c o n t a c t t h e Techn ica l I n f o r m a t i o n 
C e n t e r , M o t o r o l a , Inc. , S e m i c o n d u c t o r 
Products Div is ion, P .O. B o x 2 0 9 2 4 , 
Phoen ix , A r i z o n a 8 5 0 3 6 , or use check-
off on page 1 2 6 . 

c m o s e l e c t r o n i c k e y 

A f lea p o w e r cmos e lec t ron ic keyer 
just a n n o u n c e d b y Cur t is E lec t ro De-
vices uses t h e new 8 0 4 3 I C keyer t o 
reduce c o m p l e x i t y and increase reli-
a b i l i t y . T h e E K - 4 3 0 conta ins al l t h e 
most desirable keyer features such as 
se l f -complet ing dots , dashes and spaces, 
instant star t ing c lock , i ambic opera t ion , 
d o t m e m o r y , e l e m e n t w e i g h t c o n t r o l 
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1 1 CHOICE OF THE DX KINGS" 

and built-in sidetone with speaker. 
Powered by either 117 Vac or an in-
expensive 9-volt battery, transistor out-
put switching keys up to plus or minus 
300 Vdc at 200 mA maximum. Key 
debouncing circuitry assures trouble 
free operation on any type of key pad-
dle regardless of the condition of the 
contacts. 

Housed in a low profile, two-tone 
blue metal cabinet weighing only 26 
ounces, the EK-430 is priced at $124.95 
fob the factory. For further information, 
write to Curtis Electro Devices, Inc., Box 
4090, Mountain View, California 94040, 
or use check-off on page 126. 

linear ic principles, 
experiments 
and projects 

This new book by Ed Noll, W3FQJ, 
was written to introduce the principles 
of operation of the integrated circuit. 
Chapter 1 covers basic semiconductor 
principles: basic IC structures, the pn 
junction, the bipolar transistor, transis-
tor fabrication and the field-effect tran-
sistor (FET). Succeeding chapters ex-
plain integrated-circuit structures, basic 
circuits, operational amplifiers, multi-
purpose and special ICs. The last four 
chapters give a broad coverage of how 
linear ICs are used in commercial, indus-
t r i a l and test equipment. Home-
entertainment audio, a-m, fm and tele-
vision applications are also stressed. 
Amateur radio and shortwave enthusi-
asts wil l f ind the projects in Chapters 9 
and 10 good examples of the many 
opportunities for the use of ICs in the 
two-way radio field. These final chap-
ters also will be appreciated by those 
who like the learn-by-doing approach; 
they'll f ind an intriguing collection of 
school, lab and home construction pro-
jects. 384 pages, softbound, $8.95 from 
Ham Radio Books, Greenville, New 
Hampshire 03048. 

QUAD X ITS 
All models available "WIDE-SPACED" 

2 ELEMENT—3 BAND KIT SPECIAL 
CONTENTS 

. 8 Fiberglass Arms—skyblue color ONLY 

. 2 End Spiders (1 pc. castings) $ Q Q 9 5 

. 1 Boom/Mast Coupler—h.d. 
aluminum Add SB.50 for PPD 

. 16 Wraplock Spreader Arm Clamps Fri. Com. U.S. 

. 1 CUBEX QUAD Instruction Manual M a , l a b l e A p 0 

2-3-4 or more element Quads available 
Send 25?? coin or stamps for complete set of catalog sheets, 
specs, and prices. 

CUBEX COMPANY 
P.O. Box 131, Altidena, California 91001 

Phone: (213) 79&-8106 
y o u CAN'T SAY "QUAD" BETTER THAN "CUBEX" 

SW-5 - $79.50 

The SW-5 is a remote control switch, not 
a relay, neon indicator light tells which 
antenna is in use. It will handle 2KW 
plus. Remote switch is housed in weather 
tight box. It takes a six wire control cable 
to operate the SW-5. It has zero dB in-
sertion loss. No visible effect on SWR. 
Standard unit comes with UHF connec-
tors. Other connectors available upon re-
quest at additional cost. One year guar-
antee. Other designs available. 

ANTENNA MART 
Box 7 

Rippey, Iowa 50235 
Phone 515-436-7718 
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CLEAN SIGNAL 
ALL CHANNELS 

to H I m IH 10 in lit m at m 

Actual Spectrum Analyzer Photograph 
of an RP Synthesized Radio 

ONLY RP GIVES YOU BOTH 
PLUS 

• SUPER ACCURACY ( .0005%) 
• FULL 2M FM COVERAGE 

144-148 MHz 
WORKS WITH MOST FINE AMATEUR 

OR COMMERCIAL GRADE RADIOS 

MFA-22 SYNTHESIZER 
SEND FOR 
FULL DETAILS Electronics 

810 DENNISON DRIVE 
BOX 1201 
CHAMPAIGN, IL 61820 
Phone: 217-352-7343 

A COMPLETE MOTOROLA 
PORTABLE FOR JUST $25 

That's right we have Just received a ship-
ment of Motorola H-23 High Band Portables. 
Although they are sold as is they appear to 
be in good shape and include a microphone, 
but no antenna or batteries. Currently set 
up on 154.77 MHz they should be easy to 
put on two meters. 

They're going to go fast so mail your 
check or money order today for $25.00 for 
postpaid shipment anywhere in the U.S.A. 

International Affiliates Co., Inc. 
147 West 35th Street 

New York, N. Y. 10001 

audio sweep generator 
and frequency meter 
model 140B 

The model 140B is virtually three 
instruments in one: an audio oscillator, 
audio sweep generator and frequency 
meter. It may be operated manually as a 
conventional oscillator, or swept auto-
matically as a voltage-controlled genera-
tor. The generator sweeps over two 
ranges: a high range from 1 kHz to 20 
kHz, and a special expanded low range 
from 40 Hz to 1 kHz, which allows for a 
close look at low-end frequency-
response problems. 

The frequency meter may be used 
independently. However, when connec-
ted to the output of the sweep genera-
tor the frequency reading is continu-
ously displayed. Unlike digital counters, 
which are limited to measuring fixed 
frequencies, this frequency meter may 
be used to monitor the changing fre-
quency of the sweep generator or any 
other external frequency source. 

The model T40B is an excellent input 
source for testing amplifier frequency 
response, speaker enclosures and tape 
recorder head alignment. This low cost 
instrument provides a sine wave output 
that is variable from 0 to 2.5 volts p-p. 
Once set, the amplitude remains flat 
over the entire frequency range. 
dB) sine wave distortion is less than 
1.5%. Square wave output is fixed at 8 
volts p-p. $78.95 from Production De-
vices, 7857 Raytheon Road, San Diego, 
California 92111. For more informa-
tion, use check-off on page 126. 
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semiconductor 
cross reference 

The new edition of the semicon-
ductor cross reference and transistor 
data book is now available from Inter-
national Rectifier Corporation. The 
70-page brochure lists over 44,000 parts 
and corresponding IR replacements in-
cluding rectifiers, diodes, zeners, transis-
tors, SCRs and ICs. All are indexed in 
straight alpha-numeric sequence to facil-
itate location of the desired part 
number. Also included are four pages of 
transistor specifications, showing polar-
ity, case style, maximum current and 
typical bandwidth and gain. A data 
sheet on IC replacements lists absolute 
maximum rating and case style. 

To obtain a copy of the cross refer-
ence (JD601), write Semiconductor 
Division, International Rectifier Corpo-
ration, 233 Kansas Street, El Segundo, 
California 90245 or use check-off on 
page 126. 

ferrite-core kit 

m a wtk 
4 sv. 

A sample kit containing 18 nickel-
zinc and new high permeability 
manganese-zinc ferrites for winding 
wideband transformers including baluns 
can be obtained for $10.00 from the 
Fair-Rite Corporation. These cores are 
useful over a wide frequency range but 
were selected for their effectiveness at 
frequencies above 2 MHz. Applications 
include radio communications, vhf re-
ceivers, mobile communications and 

NEW! NEW! NEW! 
DELUXE P„C. KEYER 

The complete P. C. keyer 
you can't afford not to buy! 

In either a 5 volt TTL or a 9 volt C-MOS ver-
sion this new module type IC keyer can be 
easily adapted to your own custom package or 
equipment. 

Versatile controls allow wide character weight 
variation, speeds from 5 to 50 w.p.m. plus vol-
ume and tone control. 

Solid-state output switching saves power, 
eliminates all those annoying relay problems 
and Is compatible with both grid block and 
solid-state circuitry. 

With its side-tone monitor and 90 day warranty 
the Data Signal PC Keyer is the one for you. 

TTL Keyer Wired $19.95 Kit S14.95 
C-MOS Keyer Wired $24.95 Kit $19.95 
Write today for complete details 

Data Signal, Inc. 
Successor to Data Engineering, Inc. 

2212 PALMYRA ROAD, ALBANY, GA. 31701 
912-435-1764 

CFP Enterprises 
Fixed or Mobile HF or VHF 
CFP is your source for antennas. 

Featuring: 
CUSHCRAFT, HY-GAIN, NEW.TRONICS 

Looking for some third generation FM 
gear to hook on to that antenna? We've 
got that, too. Look for the CFP Minnie 
Winnie at the big Western New York Mani-
fest and VHF Conference in Rochester on 
May 31, 1975. Send us a supply of SASE 
and we'll send you our regular listing of 
used equipment as long as your envelope 
supply lasts. And while you're writing, 
don't forget to send your Docket 20282 
comments to FCC. 

*-*»-» CFP ENTERPRISES 
Mon., Tues., Thurs. 
By appointment Fri., 866 RIDGE RD. 
Sat. and evenings. LANSING, N. Y. 14882 
Closed all 
day wed. 2 4 H o u r Phone: 
and Sun. 607-533-4297 

More Details? CHECK-OFF Page 126 m a Y 1 9 7 5 SB 9 5 



DELUXE RECEIVER PREAMPS 
Specially made for both OLD and NEW 
receivers. The smallest and most power-
ful single and dual stage preamps avail-
able. Bring in the weakest signals with a 
Data Preamp. 

FREQ. DELUXE PREAMPLIFIER 
(Mih) USE STAGES CAIN dtt NF on KIT WIRCD 

HIGH SINGLE 25 2 510.50 $13.50 
14, 21 « 28 FREQ, DOUBLE 48 2 $20.50 526,50 

OSCAR SINGLE 25 2 512.50 $15.50 
28 10 30 SPECIAL DOUBLE 48 2 524.50 53050 

SINGLE 25 2 510.50 513.50 
50 to 54 6 METER DOUBLE 48 2 520.50 $26.50 

VHF SINGLE 20 2.5 5 9.50 512.50 
108 10 144 AIRCRAFT DOUBLE 40 2.5 518.50 1524.50 

SINGLE 20 2.5 5 9.50 $12.50 
135 10 131 SATELLITE DOUBLE 40 2.5 518.50 $24.50 

SINGLE 20 2.5 5 930 $12.50 
144 10 148 2 METER DOUBLE 40 2.5 516.50 $24.50 

SINGLE 20 2.5 $ 9.50 $12.50 
146 10 174 HIGH BAND DOUBLE 40 2.5 518.50 $24 JO 

SINGLE IB 2.5 5 9.50 $12.50 
220 to 225 1V4 meter DOUBLE 35 2.5 518.50 $2450 

UMF SINGLE 15 2 5 5 9.50 512.50 
225 10 300 AIRCRAFT DOUBLE 30 25 518.50 $24.50 
1 thru 30 HF BROADBAND 1936 3 — $17.95 

Write today for complete details 

Data Signal, Inc. 
Successor to Da ta Engineer ing. Inc. 

2212 PALMYRA ROAD 

ALBANY, GA. 3 1 7 0 1 

912-435-1764 

WESTERN N. Y. 
HAMFEST and 
VHF CONFERENCE 

MAY 31, 1975 

Monroe County 
Fairgrounds 
Rt. 15A 
Rochester, N. Y. 
(Near Thruway Exit 46) 

• Huge Flea Market 
• Top Programs 
• Award Presentations 
• Friday Night Funfest 
• FCC Exams 

WRITE: 
WNY HAMFEST 
BOX 1388 
ROCHESTER, N. Y. 
14603 

other systems operating at high fre-
quencies. 

The 18 ferrite core shapes are pro-
vided in three different materials along 
with application data including curves 
of parallel impedance, reactance and 
resistance per turn of wire for each 
sample core. Data also describes how to 
choose the right material and core size 
for a particular application. 

Application data is available without 
charge. The sample kit can be ordered 
by sending a check or purchase order 
for $10.00 to Fair-Rite Corporation, 
Wallkill, New York 12589. For more 
information, use check-off on page 126. 

sweep/function 
generator 

A new low-cost sweep/function gen-
erator oscillator has been introduced by 
Exact Electronics. The model 195, 
priced at $149.50, is expected to make 
inroads into audio testing and amateur 
electronics applications where high per-
formance function generators were not 
previously available. The new instru-
ment, housed in a compact, rugged case, 
produces sine, square, triangle and 
swept waveforms as well as fixed ampli-
tude pulses. Its frequency range is from 
2 Hz to 200 kHz in three ranges with a 
linear/logarithmic frequency control. 

An internal sweep generator will 
sweep 1000:1 (3 decades) on any of the 
three main frequency ranges. This per-
mits technicians to sweep, either linear-
ly or logarithmically, the entire audio 
range of amplifiers or speakers without 
changing ranges or even turning a knob. 
High and low level sine outputs with 
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amplitude control of both are provided. 
A voltage control frequency (VCF) in-
put permits controlling frequency from 
an external source. Fully portable, the 
model 195 is powered by a 9-volt tran-
sistor battery, completely eliminating 
any problems with 60-Hz hum. An 
optional rechargeable power supply is 
available. 

For more information, write to Exact 
Electronics, Box 160, Hillsboro, Oregon 
97123, or use check-off on page 126. 

solder slide rule 
A handy new slide rule published by 

Kester Solder provides comprehensive 
flux selector data on one side and offers 
solder alloys guides on its flip-side. The 
pocket size Kester slide rule gives flux 
choices for 22 metals, ranging from 
easy to-solder gold, copper, and tin to 
very-difficult-to-solder chromium and 
stainless steel. Thirty-six solder alloys 
also are listed, along with temperatures 
at which the solder becomes plastic and 
becomes liquid. Readers may obtain this 
slide rule by writing to Kester Solder, 
4201 Wrightwood Avenue, Chicago, 
Illinois, 60639, Attn: Mack Haraburd. 

touch-tone 
decoder board 

A new seven-digit Touch-Tone De-
coder board kit with multiple capabili-
ties has been announced by CTI Manu-
facturing Company. The new board fea-
tures full seven-digit Touch-Tone decod-
ing and encoding, uses cmos circuitry, 
and is instal led on a miniature 
2%x3%-inch (57x82mm) circuit board. 
The board can be mated with an option-
al Touch-Tone pad, if desired, or used 
with existing equipment. The basic kit 
for the decoder board is priced at 
$59.50. For more information, write to 
CTI Manufacturing Co., Post Office Box 
1422, Corinth, Mississippi 38834, or use 
check-off on page 126. 

NEW! NEW! NEW! 
HERE'S THE BEST FOR 

MOBILE OR MARINE VHF! 
MODEL SS-2 
LIFE — Bright stainless steel 

housing, s.s. whip, along 
with brass beat the 
effects of salt. 

PERFORMANCE — 150 w. 
Cain 6 dB over coax anl. 
3.7 dB over isotropic 
1.5 dB over dipole 
Requires no ground plane 

PHYSICAL DATA — 
lVz" x 4 6 V z " . 8 oz. 
Alternate mounting. 

PRICE — $45.00 List 
Optional bracket $4.60 list 

DYCOMM for RF POWER 

ECHO III REPEATER MODEL 34 WATTMETER 

A4950 A8949 

A COMPLETE LINE OF FM AMPLIFIERS 
model - power oulput - gain - price 

6 METER FM 
A4950 -50W- 10db • S'83. 
A4960 • 50W • 8db • $192, 

A8949 • 100W lOdb • $270 
450 • UHF 

MODEL 25 30W ?db -$167. 
MODEL 30 - 30W • 9db $194. 
MO DE L 50 - 50W • 5db • $251, 

OTHER PRODUCTS 
ECHO III FM REPEATER $949 
MODEL 34 WATTMETER • S70. 

2 METER FM 
MODEL C • 25W - 4db - $69 
MODEL D - 5 0 W - 7 d b - $99. 

SUPER D KIT • 80W • 3.5db - S60 
MODE L DS - BOW - 3.5db S139. 

MODEL E - 35W - lOdb • S80 
SUPER E KIT - 40W • 1 »db - $60. 
MODEL ES • 40W • 1 Idb - SI 15. 

100 • 100W - 7db - $209. 
M 0 0 • 100W • 14db $226 

35 0 - 100W • 4db • $185. 

DYNAMIC 

COMMUNICATIONS 
9 4 8 A V E . " E " P . O . B O X 1 0 1 1 B 

R I V I E R A B E A C H , F L A . 3 3 4 C 4 
( 3 0 S 1 8 4 4 - 1 3 E 3 
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a second look fisk 

As I pointed out in this space last 
month, the F C C is considering various 
new ways of determining the power lim-
itations of amateur transmitters. These 
range from dc power input and power 
output to manufacturer's plate dissipa-
tion ratings. Al l of these methods, how-
ever, contain one or more variables 
which are subject to interpretation and 
policing. Dc input measurements, for 
example, must be done with calibrated 
meters at the time of operation. Output 
power measurements are complicated, 
and require accurate instrumentation. 
Plate dissipation ratings are aribtrary 
numbers established by tube manufac-
turers which are based upon a given 
amount of air and back pressure to es-
tablish a desired plate dissipation rating. 
However, it is conceivable that a manu-
facturer could rate a large tube at a 
lower plate dissipation rating, or con-
versely, by requiring more air flow, con-
siderably increase the dissipation capa-
bility of the tube. This variation is 
brought about by the fact that different 
types of service are used in communica-
tion systems (class A, B or C); flexible 
data ratings for different classes of ser-
vice must be established because of the 
variations in plate efficiency from one 
class of operation to another. 

As has been pointed out by Jack 
Quinn, W6MZ, of EIMAC, there is only 
one common denominator in a vacuum 
tube which determines the maximum 
capability of that device, and that is the 

manufacturer's rated heater, or fila-
ment, power. This is a parameter which 
is very carefully established by all tube 
manufacturers and follows rigid, fixed 
laws of physics. These current/voltage 
relationships of the emitter cannot be 
increased with any degree of freedom 
without suffering short tube life or cata-
strophic failure. 

Rather than establishing new ama-
teur power limitations based upon plate 
dissipation ratings or publishing a list of 
approved tube types which must be con-
t i n u a l l y maintained and up-dated, 
Quinn has proposed that certain max-
imum filament or cathode heater power 
ratings be established. For example. Ex-
tra, Experimenter and Advanced class 
licensees could use a final amplifier hav-
ing one or more thoriated-tungsten fila-
ment tubes with a total filament power 
rating which does not exceed 200 watts. 
An amplifier with an indirectly-heated 
oxide cathode tube would have a total 
heater power which does not exceed 60 
watts, according to the manufacturer's 
ratings. If this were done, the ratings 
would be based upon a common ground 
and good, sound, technical background. 
This would also be compatible with 
amateur equipment in common use to-
day as shown in table 1 . 

Power levels for the General-
Technician and Communicator-Novice 
classes could be scaled down by what-
ever percentage the Commission deems 

(continued on page 60} 
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presstjp 
ARRL FORUM AT DAYTON HAMVENTION in late April, led by League president W2TUK, 

was primarily a question and answer session. As expected, restructuring was the 
primary subject but, since the League position isn't officially set until the 
Director's meeting in May, Harry's answers had to be his own personal opinions. 
Other subjects included possible ARRL insurance program (under active considera-
tion but hard to find an underwriter to cover all states), how to communicate 
with the FCC, protecting the ham bands from incursions by other services, and 
type acceptance of commercially made gear, 

ARRL 20282 Survey has had an outstanding response — about 56,000 of the 
League's 100,000 members returned their surveys in time to be processed! 

RESPONSE TO RESTRUCTURING so far received by FCC summarized by Prose Walker 
at Dayton. Two-thirds support 20282, one-third oppose. Most want 10 meters 
shared. Of the 80% discussing power, more than half are against reductions to 
Generals and Techs and all oppose levels offered Novice/Communicator. Measuring 
output power is opposed by the majority. 

TYPE ACCEPTANCE of amateur gear is becoming more and more of an active issue 
at the FCC. The subject was discussed at the Dayton Hamvention Novice forum, 
which featured both Charles Higginbotham, Chief of the FCC's Safety and Special 
Services Bureau, and Ray Spence, W4QZW, Chief Engineer of the FCC. 

Type Acceptance has some good features but some bad ones, too. It might clean 
up some problem-causing commercial gear and thus help reduce the RF1 problem. At 
the same time it could prove very stifling if, for example, it forbade the indi-
vidual amateur from modifying his equipment to meet his own needs. 

PROPOSED NEW HF HAM BANDS won't be ours without a stiff fight in 1979. North 
Atlantic broadcasters would like to increase the international BC allocations 
between 3 and 27 MHz by another 7 MHz at the forthcoming world conference! For 
reference, that's more than twice what they're presently allocated. 

NEW MOTOROLA COMMERCIAL FM GEAR is pushing the amateur price range — Maxar 
line of 150- and 450-MHz transceivers starts at $395 for a 10-watt out model with 
several channels. For repeaters their new Spectra-Tac voting system looks very 
competitive, and finally, thay have a new pager receiver which shakes in your 
pocket when you get a call. 

JA1ANG VISITED AMSAT early last week and reported JAMSAT is well along in con-
struction of a two-meter-to-435-MHz transponder in anticipation of the next OSCAR. 
Other JAMSAT projects are also in the mill. 

TI9DX On Cocos Island was heard on OSCAR recently, and TU2EF reports he's been 
quite active on Mode A — his log would make a serious 20-meter DXer drool. FY7AS, 
A2CJP, 4W1ED and ZS3E are s a m p l e s — he reports EA8CS may also be on soon. 

"Area Coordinator" is the tentative title for a position established by the 
AMSAT board. Purpose for the Area Coordinator, who should be an active OSCAR 
user, is to advise amateurs interested in getting on OSCAR and provide local 
clearinghouse for OSCAR activities. Active satellite users who want to help out 
in this capacity should contact AMSAT headquarters. 

FCC TAKING A CRITICAL LOOK AT SPEECH PROCESSING if footnote at the end of 
Docket 20282 fs any indication, but no response to the restructuring docket filed 
so far has even acknowledged that paragraph's existence. Since DXers are the most 
frequent users of processors, we better take another look at that paragraph and 
its implications — mushy and broad signals have all too often caused problems 
on the lower ends of the DX bands. 

MORE NON-AMATEUR OPERATIONS. THREATEN 420-450 MHz band, as TI in Dallas at-
tempts to get a new Special Temporary Authority to continue operating a high-
powered navigation system on 430 MHz. The 20 kW ERENS (^Extended Range Electro-
magnetic Navigational System) transmitter has a range of 250 miles and has been 
on since last September. They have also filed requests for similar systems on 
Cape Cod and Montauk Point, Long Island. If permitted, these pulsed navigational 
systems would make a large portion of the 420-450 MHz band practically unusable. 



phasing-type 
single-sideband 

transmitter 

A direct-conversion 

companion transmitter 

for the 

Phase II 

ssb receiver 

The Phase II ssb receiver described last 
year in ham radio1 has been a moderate 
success and has proven worthy of a 
companion transmitter. The phasing 
method of single-sideband detection has 
been revived slightly, and the addition 
of a good ssb transmitter will even stir 
interest among the "filter freaks." After 
all, doesn't it make sense to generate 
just one sideband with phasing tech-
niques rather than to generate both side-
bands and remove the unwanted one with 
a brute-force crystal filter? 

This article presents the Phase II 
reciter, a ssb exciter that borrows phase 
quadrature rf from the Phase II receiver. 
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A 300-watt PEP solid state linear power 
amplifier will be the subject of a future 
article and will round out the Phase II 
system including vfo, transmit/receive 
s w i t c h i n g , vox, filtering, and a 
regulated, low-voltage, high-current 
power supply. 

Readers of the Phase II receiver 
article have indicated an interest in a 
more elaborate receiver with additional 
frequency coverage. New circuits for 
improving the receiver and ideas for 
future development will be discussed. 
The possibilities for the receiver and 
transmitter pair are far too numerous to 
present in full detail, so individual cir-
cuits and interconnect information will 
be given, leaving the final enclosure and 
layout to the individual builder. Layout 
might vary d r a s t i c a l l y between a 
receiver-transmitter for a single, crystal-
controlled frequency, and one designed 
for the three lower amateur bands with 
vfo control. 

ssb reciter 
Fig. 1 is the classic diagram of a 

phasing-type ssb transmitter that has 
appeared in the electronic handbooks 
for three decades.2 The 90-degree rf 
phase is developed in the Phase II 
receiver and it will be necessary to refer 
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to the receiver article for additional 
information on this aspect of the cir-
cuit. Since the transmitter may be 
operated independently if this portion 
of the receiver is duplicated in the 
transmitter, this oscillator and phase-
shift circuit are described later in the 
article. 

Much of the research done on phas-
ing circuits in the 1940s occurred during 
the development of telephone carrier 
systems and many of the schematics 
bear the Western Electric t it le box. 
Engineering texts tell us that a single-
sideband-suppressed-carrier signal can be 
regarded as the resultant of quadrature 

ceiver. The exciter uses exactly the same 
audio lowpass filter and audio phase-
shift network as the receiver. It is better 
to duplicate these components in the 
interest of simplicity of switching and 
balancing circuits. 

Although these components are not 
particularly expensive, they may be a 
little diff icult to locate. The 1% preci-
sion f i lm resistors are standard MfL-BEL 
values as are the 0.1-juF capacitors. The 
0.028-/uF capacitors may have to be 
made up by paralleling a 0.027-/iF and a 
1000-pF silvered-mica capacitor. Re-
member that ultimate sideband suppres-
sion depends upon the accuracy of these 

modulation of a carrier by a pair of 
signals in phase quadrature, further ex-
plained with some pretty involved math-
ematics.3 It is possible to switch the 
phase-quadrature rf to in-phase rf and 
generate phase-modulated signals. Per-
haps this is why the phasing technique 
was popular in the late 1940s and early 
1950s when narrow-band fm was far 
more popular on the high-frequency 
bands than the then newer mode, single 
sideband. 

Fig. 2 is a block diagram of the entire 
Phase II system. The digital phase-
shifter in the receiver is used to supply 
phase-quadrature rf to the exciter. This 
means the parts cost for the exciter wil l 
be considerably less than for the re-

components, so be as accurate as 
possible. 

A circuit board has not been serious-
ly considered for several reasons. One 
very obvious reason is that a circuit board 
takes time to develop and debug, not to 
mention the problems encountered when 
you try to make modifications. The 
exciter is much simpler than the re-
ceiver and has fewer ICs (the digital rf 
phase shifter is the complicated part and 
it is already on the receiver board). Even 
the regulated 10-volt supply of the 
receiver may be tapped. However, if the 
10-volt receiver supply is used, a larger 
heatsink is necessary and a heavier 
transistor may be needed. 

A Motorola MC7812 or Fairchild 

june 1975 G5 9 



juA7812 can be used to replace the 
10-volt supply in the receiver and will 
supply all the 12-volt current {up to one 
amp) that is required in both the re-
ceiver and exciter. However, a good 15-
to 24-volt dc supply will be required to 
maintain good regulation with this 
voltage-regulator IC. Mobile operation 
with a 12-volt supply would be impossi-
ble with this IC, and the MC7808 
voltage-regulator IC is a little too low. 

There is sufficient room left on the 5 
x 6-inch (12.7 x 15.2-cm) board (same 
as the receiver board) for vox or a small 
10- to 15-watt PEP linear amplifier.* 
Remember that a transmitter needs a 
good, heavy, continuous ground plane 
under all the components. Preserving 
maximum ground area helps isolate the 
receiver from the transmitter as well as 
keeping the transmitter calm. The re-
ceiver is actually operating all the time 
but is muted during periods of trans-
mission. 

One very versatile method of making 
permanent breadboards is to use double-
sided PC board material with push-in 
Teflon terminals which can occasionally 
be purchased on the surplus market. 
Press-in terminals are about twenty 
cents each when purchased in small 
quantities so you may want to use a 
circle cutter to isolate small islands from 
the board or use small pieces of PC 
board material cemented to the main 
board with a hot-melt glue gun. Layout 
is not particularly critical except for 

*A printed-circuit board for the Phase II 
receiver is now available from D.L. McClaren, 
W8URX, 19721 Maplewood Avenue, Cleve-
land, Ohio 44135, for $10.50. The trans-
formers for the receiver are still available from 
the author, W A 0 J Y K (the same transformers 
are used in the Phase 11 reciter). The price will 
remain at $10 for the set of three required for 
the receiver; the pair required for the reciter is 
priced at $8. A complete set of five trans-
formers is available for $16.00. This price will 
be valid only until the present supply is 
exhausted — new supplies will probably be 
priced 10% higher to meet the demands of 
inflation. 

location of the mixers as detailed later. 
The large copper area provides both 
grounding and shielding. 

circuit operation 
The schematic for the reciter is 

shown in fig. 3. The microphone ampli-
fier is a high-gain, high-impedance stage 
followed by an emitter follower which 
provides 1000-ohm output impedance 
to drive the audio lowpass filter. The 
audio lowpass filter is identical to the 
one used in the receiver. It is possible to 
get by with a two-coil filter in the 
transmitter but the design from the 
receiver was convenient and provides a 
little better performance. If a different 
filter is desired it can be designed from 
the available literature.5-6 If tradeoffs 
are to be made in the filter, or an 
improvement made, the outcome can 
be predicted with the help of graphs.7 

Selective bypassing of the audio ampli-
fiers also helps to roll-off the low audio 
f requenc ies . The ferrite pot-core 
assemblies have metal frames and are 
better shielded from rf fields than the 
toroids. If power in excess of 100 watts 
is contemplated, a metal rf shield may 
be needed to cover the 88-mH coils. 

The audio age system uses a 
Motorola MC1590G or the fess expen-
sive consumer products counterpart, the 
MC1350P. This versatile gain-controlled 
amplifier has its internal circuitry reveal-
ed in fig. 4. For layout purposes, pin 1 
is interchangeable with pin 3 (pin 6 with 
pin 4 of the MC1350) and pin 5 may be 
interchanged with pin 6 (pin 1 with pin 
8 of the MC1350). These terminals are 
the differential input and output of the 
amplifier. In the reciter it is being used 
as a single-ended amplifier because it is 
easier to keep it stable and maximum 
available power gain is not required. 

The detector for this gain-controlled 
amplifier is at the output of the exciter 
where the rf power level is about 1-watt 
PEP. Detector drive could be obtained 
from a higher level stage with a voltage 
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f ig. 2. T h e Phase II ssb t ransceiver c o n s i s t s of p h a s i n g - t y p e receiver, above, a n d p h a s i n g - t y p e ssb 
generator, below. A n optional linear amplifier is discussed in the text. 

divider arrangement but it is not desir-
able to have too much gain in the age 
loop. Any imbalance in the balanced 
modulators will cause some carrier to be 
present and will be detected by the age 
detector. This carrier is interpreted by 
the detector to be a ssb signal caused 
by voice modulation and it will prompt-
ly turn down the modulation level 
which will, of course, reduce the level 
of ssb to carrier and further aggravate 
the situation. 

It is possible to transmit compatible 
a-m by unbalancing one balanced modu-
lator and sending one sideband with as 
much carrier injected as is desired. Full 

a-m can be transmitted by disabling one 
balanced modulator entirely and unbal-
ancing the other. The combination of 
audio shaping with the lowpass filter 
and low-frequency rolloff caused by the 
audio transformers and selective bypass-
ing (below 300 Hz) with audio compres-
sion caused by the age system makes an 
effective built-in speech processor. 
There is no need for any additional 
speech processing since the percentage 
of average-to-peak power is quite high 
already. 

The output of the agc-controlled 
amplifier is fed to another amplifier 
which has enough power capability to 
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fig. 3. complete schematic diagram for 
the Phase I I reciter. The transformers are 
available from the author; see footnote 
on page 10. 

drive the transformers and audio phase-
shift networks. It might be possible to 
directly drive the transformers from the 
MC1590G ICs if special transformers 
were designed to do the job, but in the 
interest of saving time I used the same 

transformers that were used in the 
receiver. 

The audio phase-shift network is also 
identical to the one in the receiver and 
it must work into a relatively high 
impedance. The input impedance of the 
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balanced mixers is low, on the order of 
200 ohms {set by the bias resistors), so a 
low-gain buffer stage is necessary be-
tween the audio phase-shifter and the 
balanced modulators. The reversing 
switch at the primary of one of the 
audio transformers allows selection of 
the desired sideband. The switch may be 
remotely mounted on a panel or the 
edge of the board with twisted leads 

since the level at this point is relatively 
high. The receiver sideband selector 
switch doesn't offer this option because 
of the extremely low audio levels. 

balanced modulators 

The balanced modulators are a pair 
of Motorola MC1496G integrated cir-
cuits. The National LM1496H or Fair-
child //A796HC may also be used. If 
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better performance over a wider tem-
perature range is desired, the Motorola 
MC1596G or National LM1596H can be 
used but other components should also 
be of premium quality. The plastic 
cased version of this IC should be 
avo ided in this application. The 
balanced modulators should be located 
directly under U6 in the receiver so that 
0.1 -/uF disc ceramic capacitors can be 
connected from pins 2 and 14 of U6 in 
the receiver, through feedthrough ter-
minals on the exciter board, and termin-
ating at pins 7 (or pin 8) on each of the 
balanced modulators. 

Fig. 5 shows the internal schematic 
of the MCI496 which presents some 
possibilities for a simplified board lay-
out. There was some confusion about 
the MC1496 product detectors used in 
the receiver because pins 1 and 4 were 
interchanged on the two detectors to 
aid in board layout. Careful inspection 
of fig. 5 shows that pin 1 can be 
interchanged with pin 4 and pin 6 may 
be interchanged with pin 9 because 
these are the inputs and outputs of 
differential stages. This can be quite a 
help when laying out a PC board or 
making a breadboard and trying to 
minimize the number of crossover leads. 
This transposition of pins is similar to 
that mentioned for the MC1590G (or 
MC1350) earlier. The MC1496 is diffi-
cult enough to bias for single supply 
operation because of the 11 resistors, so 
this trick is well worth remembering. 

The 50k carrier-balance pots may be 
run to the edge of the board for 
convenience. For ease of adjustment it's 
a good idea to use multi-turn units. If 
the balance pots are mounted on a panel 
the leads should be bypassed for rf. The 
metal can of the MC1496G is internally 
connected to pin 10 which is grounded 
but it is hefpful to run a piece of 
number-18 or -16 wire across the tops 
of both ICs and solder i t to the cans and 
to the board. This forms a very stiff 
ground plane between the input and 

output of the balanced modulators. 
Carrier suppression and noise improved 
6 dB with the extra ground strap. The 
MC1496G is a very well balanced mixer 
and feed-around becomes greater than 
actual feedthrough. 

The outputs of the two balanced 
modulators are summed in the rf trans-
former T3, an extremely broadband 
ferrite-core transformer. The broadband 
coupling eliminates any tuneup proce-
dure but presents some other problems. 
The balanced modulators wi l l suppress 
the carrier by 60 dB or so, but the 
second harmonic of the carrier is sup-
pressed only about 30 dB. The exact 
amount of suppression wil l vary with 
individual units as well as w i th tempera-
ture, layout and frequency. 

This second harmonic poses no partic-
ular threat but does point out the need 
for the lowpass filter following the 
exciter in addition to a lowpass filter 
after the final linear power amplifier. If 
the second harmonic of the carrier went 
unsuppressed to the antenna it would 
only amount to a few milliwatts but if it 
were allowed to pass through the solid-
state linear power amplifier it would 
come out at about a quarter watt and, 
due to the age action in the linear itself, 
when there was no voice modulation it 
could go to two or three watts. 

The ferrite core used for trans-
formers T3, T4 and T5 is the Ferronics 
12-360J, an ideal configuration for 
small receiver and transmitter coils in 
the high-frequency range. Several of 
these cores are also used in the solid-
state linear power amplifier. These two-
hole ferrite beads may be wound with 
all leads coming out one end or with 
leads coming out opposite ends, depend-
ing on which is more convenient for 
mounting and conserving board space. 

linear amplifier 
Transformer T3 drives a class-A 

amplifier stage. A number of transistors 
wil l work in this stage but the Motorola 
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fig. 4. Schematic diagram of the M C 1 5 9 0 G (MC13S0P) gain-controlled amplifiers. 
Pin numbers for the M C I 350P are shown in parenthesis. 

MPSH-10 is economical and performs 
quite well. A 2N3904 will work too. 
The base configuration of the MPSH-10 
is unconventional and is shown in fig. 3. 

The output stage is operated push-
pull to cancel the even-order harmonics 
and is transformer-coupled with broad-
band transformers. This push-pull stage 
is biased for pseudo-class-AB2 operation 
since class-B will result in too much 
distortion and class-A is too inefficient. 
The 330-ohm bias resistor may have to 

be adjusted over the range from 220 to 
470 ohms so that the final collector 
resting current is between 10 and 20 
mA. The final collector current will rise 
to 100 mA on voice modulation. 

The final transistors are 2N3866s and 
are occasionally available on the surplus 
market for under a dollar. The 2N3866 
is rated to frequencies as high as 500 
MHz and many of them have an actual 
f T of 1000 MHz, so many of the units 
that are factory rejects because of low 
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f T or low current gain are usable in this 
circuit. The emitter resistors are not 
bypassed and parasitic suppression net-
works are used between the base and 
collector leads. More power can be 
coaxed from the finals by bypassing the 
emitter leads but there is no protection 

-OS 
OUTPUT 

(Vt) 
— O S 

I 

r r 

I 4 O-
SlGNAL 
INPUT 

i o-

GAIN SET 
0 3 

BIAS 
5 O— 

>5 00 is00 
(-V) 
10 o-

I 
I MCI496/LM1496 

PIN CONFIGURATION | 
(BOTTOM VIEWI 
_ I 

fig. S. Schematic diagram of the MCI596/ 

MC1496 balanced-modulator ICs. 

for load mismatch so spare devices 
should be on hand. 

About 1 watt PEP is available from 
the exciter without bypassing the emit-
ters and that is a very conservative watt. 
However, even with an excellent signal 
and good signal processing it will still 
take perserverence and a good antenna 
to work stations. If your goal in life is 
QRPP, the mode best suited is CW, but 
a surprising number of stations can be 
worked with one watt of sideband. 

The 1-watt PEP is more than ade-
quate for driving the companion linear 

to a full 300 watts PEP input. As a 
matter of fact, a watt is too much drive 
for the linear and a 10-dB pad is used 
but the pad provides isolation that helps 
keep the exciter age working properly. 
High-power linear transistors are still 
expensive but there is a flood of "illegal 
for class-D" linear amplifiers hitting the 
marketplace now and these linears are 
rated at more than 100-watts output. If 
these transistors work well at 27 MHz, 
they will work nearly as well on all the 
lower amateur bands and production 
quantities should be sizable judging 
from past reports on CB gear. In the 
meantime it might be well to consider a 
lower power linear or one with surplus 
vhf transistors.7-8 

operation 
The entire 1-watt transceiver draws a 

maximum of 800 mA on transmit and 
from 150 to 500 mA on receive. The 
power supply drain on receive can be 
reduced by switching the entire trans-
mitter with the R/T switching trans-
istor. The collectors of the 2N3866s 
need not be switched because they 
don't conduct with the bias removed. 
The main problem encountered in 
switching everything is that the bias on 
the balanced mixers takes about half a 
second to stabilize and a short burst of 
full carrier goes out over the air. This 
would be a small price to pay for 
portable operation and is not really 
noticable since the carrier is zero beat at 
the receiving station and would not 
normally be audible. However, vox 
operation is not recommended because 
the numerous times that the unit would 
cycle from receive to transmit would 
make the unit sound like slow CWwith 
all the little bursts of carrier. For vox 
operation, only the bias to the last three 
transistors is switched. The audio and 
balanced mixers are left live and there is 
a signal being generated but it is isolated 
well enough that it is not heard. 

It would be a shame to spoil an all 
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so l id-state rig with an electro-
mechanical monster for antenna switch-
ing. Full-fledged diode antenna switch-
ing would require standing off 80 volts 
or more of rf with the unit running at 
the 100-watt PEP output level. Where 
do you get 80 volts in a low voltage 
radio? There must be a simpler way — 
not a better way — just a simpler way to 
get around the use of complicated, 
noisy, unreliable hardware. 

Since a lowpass filter was required 
anyway, it was decided to try to get 
some signal for the receiver from the 
lowpass filter. It seemed logical that one 
of the shunt capacitors in the lowpass 
filter could be lifted from ground and 
enough signal could be sampled to 
supply the receiver. Some tests were 
made and it was found that the middle 
capacitor of the filter was the best. In 
addition, it only requires standing off 3 
volts of rf which is easily done with a 
single inexpensive diode. The voltage to 
switch the diode is fed down the coax 
from the receiver by inserting the volt-
age into the link on the receiver input 
tank coil and bypassing it to ground. 
This circuit will protect the receiver to 
some extent even if the dc control 
voltage fails. It also helps protect the 
receiver from strong local signals. This is 
a good system with multi-transmitter 
setups. The only bad part is the 10-dB 
of loss for the receiver, but the receiver 
is quite sensitive and signals on the 
lower bands are usually so strong that 
the rf gain is turned down to prevent 
cross-modulation anyway. 

There may be a more elegant way of 
solid-state switching but this method 
requires only a resistor, a capacitor and 
a diode, about 15 cents worth of com-
ponents. The 10-dB of loss could be 
greatly reduced if the filter were re-
designed and the impedances were 
matched properly, but this is no trivial 
task and would best be done with a 
computer. Switching to transmit is swift 
and silent leaving the operator with the 

feeling that the rig just died, but after a 
few minutes on the air, confidence will 
be restored . . . if the 300-watt linear is 
being used. 

The filter used to remove the har-
monics output is one of the filters 
described in complete detail in a pre-
vious article.9 These filters are probably 
more than adequate, but it is better to 
be overcautious. For the sake of simpli-
city, the same lowpass filter is repeated: 
once between the exciter and final 
power amplifier and again after the 
power amplifier. The filter between the 
exciter and final certainly could be of 
simpler design and still be adequate. 
Elliptic function filters are degraded 
drastically by severe mismatch and 
shouldn't be operated with vswr exceed-
ing 3:1 at full rated power. 

The dc voltages to the transmitter are 
switched by a medium power pnp tran-
sistor. As mentioned earlier, if low 
power consumption is desired, all power 
may be switched. If plenty of idle 
power drain can be tolerated, only the 
bias voltage to the last two stages need 
be switched. The collector voltages to 
these two stages may be left connected 
if desired. Positive voltage is sent 
through the primary of the receiver 
antenna coil, out through the receiver 
coax to the lowpass filter and the T/R 
switching diode. Positive voltage is also 
sent through a diode and 1000-ohm 
resistor to the receiver for muting. 

The LM380 audio amplifier in the 
receiver can be muted by applying the 
voltage from the 1000-ohm resistor and 
diode to pin 2 but there will be some 
pop when the receiver is un-muted. If 
the receiver is improved by using the 
MC1590G (or MC1350P) to replace the 
Q4 stage, then the mute voltage from 
the resistor and diode is applied to pin 2 
of the MC1590G (pin 5 if it's the 
MC1350P) and muting and un-muting is 
rapid and silent. This smooth and silent 
keying is a natural for vox operation. 
Some experimenting has been done with 
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"instant voice interruption" but very 
few amateurs have actually used it on 
the a i r . io . i i 

Since speaker operation with vox 
complicates things, there is no anti-vox 
included in the simple vox circuit shown 
in fig. 6. Operation with a boom-
microphone type headset was the 
primary objective and it has worked 
quite well for that purpose. Surprising-

up to 10 MHz with nearly perfect phase 
quadrature. In fact, the Phase II trans-
ceiver may be the first ssb rig capable of 
operating on the experimental 160- to 
190-kHz band. Of course, the ferrite 
transformers would have to be rewound 
with more turns (the same ratios) and a 
low-frequency vfo would be necessary. 

At the other frequency extreme, it 
would be possible to use the rig at 

c H e 
TO EMITTER 
FOLLOWER 
MICROPHONE 
AMPLIFIER 

jr to ptt it •—cr o—o 

fig. 6. V o x circuit for use wi th headphones. Transistors are 2 N 3 7 0 7 , 
diodes are silicon such as 1N4154 , 1N914 or similar. 

ly, it works fairly well with a speaker at 
moderate volume and using an Astatic 
10-C microphone that is only slightly 
directional. 

It is desirable to apply a little of the 
receiver signal to the headphones when 
transmitting and the resistor in the mute 
control line can be increased to allow 
the amount of desired audio sidetone if 
the MC1590G or MC1350P is the con-
trolled amplifier in the receiver. Audio 
sidetone is used in aircraft radios as an 
audible output indicator and to prevent 
the pilot from talking too loudly and 
overmodulating. 

other frequencies 
The transmitter is capable of opera-

tion at higher frequencies than the 10 
MHz maximum limit arbitrarily imposed 
by the digital rf phase-shifter. The 
digital phase-shifter has provided the 
key to wideband operation and in itself 
will work well from the kilohertz region 

higher frequencies if phase-quadrature rf 
were derived from means other than 
digital ICs. The most promising and 
economical method is coaxial phasing 
lines similar to the phasing lines used for 
large antenna arrays. A quick check 
with a vector-voltmeter confirmed that 
above 14 MHz, complete phone-band 
segments can be covered with coaxial 
lines and the technique looks good for 
six and two meters. Coaxial lines are 
relatively insensitive to temperature 
variations that give other types of phase-
shifters real problems. The coaxial line 
should be driven and terminated in the 
characteristic impedance of the line and 
the parallel paths of the two channels 
should be of the same impedance even if 
no coax is used in one side. Don't forget 
that the required quarter-wavelength 
line is an electrical quarter wavelength 
and must be multiplied by the velocity 
factor for the particular coaxial cable 
being used. For the twenty-meter band. 
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and to cover complete amateur bands, it 
would be necessary to include a small 
trimmer at the termination of the coax 
to trim from one end of the band to the 
other. 

alignment 

Alignment of the transmitter is very 
simple. Just adjust the two 50k pots for 
minimum carrier or minimum collector 

audio filter) so that some compression 
becomes obvious. This setting will have 
to be developed on an individual basis 
to suit each voice and amount of desired 
compression. 

If further control of compression is 
desired the 15k resistor that feeds the 
age signal back from the detector to the 
MC1590G can be altered as well as the 
value of the 56-juF capacitor at the 

current then adjust the 2k pot on the 
balanced-modulator for maximum side-
band suppression. It is best to use a 
separate receiver for both of these oper-
ations but it is possible to monitor the 
transmitters unwanted sideband in the 
receiver since the sideband selection is 
independent. The mute line must be 
disabled to monitor its own transmitter. 

The carrier can be nulled by watch-
ing final collector current with no audio 
input or with the audio pot turned 
down and should be quickly checked 
after switching bands. Adjust the micro-
phone gain pot (the 10k pot after the 

detector. The 2N3866s should draw 
about 100 mA on voice peaks but it is 
possible to compress until the valleys 
are only about 80 mA but the audio 
sounds compressed at this level. 

The audio sections, including the 
lowpass audio filter and the phasing 
networks, may be checked by applying 
the output from pin 1 of one balanced 
mixer to the horizontal input of an 
oscilloscope and the output from pin 1 
of the other balanced-modulator to the 
vertical input of the scope. Both scope 
inputs should be sensitive enough to 
read one volt with good deflection. The 
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audio from the microphone will cause 
perfect, multiple, concentric circles. If 
the circles are slightly oblate but con-
centricity is good there is no problem 
because the gain of one balanced 
modulator is adjustable and will com-
pensate for this gain error. If the circles 
are not concentric there is an error in 
the phase-shifter values or a misplaced 
component. If there are circles with no 
audio input, the unit is oscillating! Back 
up and try to isolate the flying stage. 
Oscillation is probably being caused by 
insufficient bypassing of the supply line 
or coupling through the power supply 
leads to the microphone preamplifier or 
the MC1590G. 

If an audio signal generator is avail-
able it may be used to check the flatness 
of the filter response and the accuracy 
of the phase-shifter. One and only one 
circle will be present with a single audio 
tone fed into the microphone input. 
The circle should remain perfectly cir-
cular and of constant diameter with 
signal inputs from 300 to 2700 Hz. 

performance 
A great deal of time went into the 

breadboard just to clean up the audio 
and rf amplifiers and checking to make 
sure they were linear. Excellent signal 
quality has been the payoff and the 
ability to communicate better than the 
other guys who are running much higher 
power. A scope is a valuable tool for 
checking linearity, but both the rf and 
audio class-A amplifier stages have one 
simple check that can be made with a 
cheap voltmeter. The collector voltage 
should be exactly one-half the supply 
voltage. 

A n on-the-air roundtable with 
Collins, Heath, Swan, Drake and Phase 
II transceivers was recorded and the 
Phase II was definitely among the top 
two for quality. The unwanted sideband 
of the Phase II transceiver is garbled and 
unintelligible while the suppressed side-
band of filter-type transmitters remains 

understandable even though attenuated. 
This leads people to believe that the 
sideband suppression of the Phase II is 
better than it actually is. It does, how-
ever, live up to the expectation of 40-dB 
unwanted sideband suppression. 

The full transceiver with the300-watt 
PEP input solid-state linear has been 
directly compared to a Heathkit 
Marauder, model HX-10, running com-
parable power. Input to the solid-state 
linear was held to 4 amps at 30 volts. 
Stations always rated the Phase II as 
"better copy" though most reported the 
same S-meter reading for both. Side-
band suppression was equally as good as 
the crystal filter of the Marauder and 
some reports were in favor of the Phase 
II. When carefully questioned about the 
sideband suppression it usually amounts 
to "unintelligible." 

Direct conversion is the ideal exper-
imental transmitter for the amateur 
because there are fewer and more pre-
dictable spurious responses from direct 
conversion. The only spurs likely are 
harmonics and they are very effectively 
removed by the lowpass filtering. Con-
ventional superheterodyne-type trans-
ceivers have possible images at the inter-
mediate frequency or frequencies, 
depending upon the number of conver-
sions. Of course, there is always a 
chance of parasitic oscillations in either 
the audio or rf of a direct-conversion 
transceiver, but these are more easily 
recognized and easier to troubleshoot 
with the direct-conversion method. 

The thing that saves a lot of trouble-
shooting time is that the same spurs will 
appear in both the receiver and trans-
mitter. For example, if the vfo being 
used has a parasitic and is effectively 
supplying two separate and non-
harmonically related signals to the rf 
digital phase-shifter, two separate signals 
will be received and two separate signals 
will also be transmitted. However, don't 
get too excited about receiving two 
signals at once. Not only the two signals 
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but the sums, differences, and an end-
less collection of products also enter in 
and make it impractical. 

The transceiver always listens where 
it talks, providing the receiver input is 
broadband like the transmitter, but it is 
usually better to have a little more 
selectivity in the receiver to protect 

oscillator. The output signal tends to be 
fm at the reference oscillator frequency 
and this should be carefully investigated 
by those intending to use a synthesis 
scheme. 

For those of you wishing to use the 
Phase II reciter as a transmitter paired 
with some other receiver, the rf digital 
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frequency 

1.8-3.0 MHz 
3.0-5.0 M H z 
5.0-8.8 M H z 

vfo 
frequency 

3.6-6.0 MHz 
6.0- 10 MHz 
10 - 16 MHz 

LI* 
30 turns 
25 turns 
14 turns 

C1 
250 pF 
200 pF 

75 pF 

C2 
4 7 0 pF 
390 pF 
2 2 0 pF 

C3 
820 pF 
6 8 0 pF 
4 7 0 pF 

C4 
820 pF 
680 pF 
470 pF 

* L 1 wound on Amidon T-68-2 toroidal core; use as large wire as possible for full, single layer, 
fig. 8. Variable-frequency oscillator for the Phase I I reciter. Values for L I are approximate and are 
determined by the exact value used at C I . Value for C I is approximate with total made up with 
fixed capacitors to cover desired band segment. Toroidal core for transformer T1 is Ferronics 
12-360J (or Amidon T-50-3) . 

from out-of-band signals. It is also very 
important to have a clean vfo signal. 

variable-frequency oscillator 
Close-in noise in the vfo signal is 

more important in this case than the 
harmonics that might be present. The 
close-in noise on a vfo may be caused by 
fm of the oscillator and that in turn is 
caused by poor voltage regulation. 
Close-in noise is a particular problem 
when using a frequency synthesizer 
with a phase-locked, voltage-control led-

phase shifter and crystal oscillator 
schematic is shown in fig. 7. The same 
scheme can be used with other ICs, but a 
dual-D flip-flop should be used to help 
preserve good tracking with temperature 
changes. 

A good vfo is necessary for amateur-
band use except in the rare cases when a 
crystal is used for net operations. The 
vfo shown in fig. 8 was originally 
described in QST and has appeared in 
many transmitters and transceivers over 
the last eight years.12 The mosfet is an 
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extremely stable element and the 
addition of a toroidal inductor makes it 
more compact. An MC7808 or jiiA7808 
IC voltage regulator provides stable 
8-volt regulation and filtering which is 
important for the elimination of fm and 
drifting in any vfo. 

The most important part of the vfo 
and the most difficult to locate is the 
variable capacitor. Good variable capaci-
tors just are not used much in commer-
cial equipment anymore and the really 
good ones invariably are salvaged from 
some old piece of tube-type military 
gear; they have plate spacings of 1/16 
inch (1.5 mm) or more and are mechani-
cal monsters. That is the price of prog-
ress. Some mechanical genius should start 
marketing a log-variabie inductance simi-
lar to the units used in the famous Collins 
linear-permeability-tuned-oscillator 
(PTO) and solve all our problems. 

Almost any value variable capacitor 
can be adapted for vfo use by using 
series and parallel silver-mica capacitors 
to set the range and frequency. The 
values given in fig. 8 are only ball-park 
figures. The L/C ratio of this particular 
vfo can be varied quite a lot without 
degrading the performance. An hour or 
two with a slide-rule, calculator, or ouji 
board will allow the use of practically 
any capacitor that comes out of your 
junk box. 

Also consider the use of a high-
frequency vfo at 40 MHz or higher and 
dividing down to the desired frequency 
with digital ICS. The stability of the 
higher frequency vfo is notoriously poor 
but it is as good percentage-wise as the 
lower frequency counterpart and the 
frequency errors will be divided along 
with the frequency. The higher fre-
quency vfo will allow use of smaller 
components and more readily available 
variable capacitors. 

output filtering 
A Drake TV100-LP or TV1000-LP 

lowpass filter should follow any trans-

mitter, be it commercial or homebrew 
and particularly a transmitter with a 
broadband linear. The Drake filter does 
an exceptional job of suppressing TVI, 
is recognized by the FCC, and cannot be 
duplicated in the average hamshack. The 
lowpass filters used in the Phase II 
reciter are not designed to be T V I filters 
as such because the silver-mica capaci-
tors used will display a resonance some-
where in the vhf region and filter per-
formance will deteriorate rapidly. If 
better vhf filtering is desired from the 
lowpass filter, the capacitors going to 
ground should be made up of two or 
more smaller capacitors of differing 
values and even different types of capaci-
tors, such as ceramic. 

references 
1. G. Kent Shubert, WA0JYK, "Solid-state 
Phasing-type SSB Communications Receiver," 
ham radio, August, 1973, page 6. 
2. The Radio Amateur's Handbook, 48th 
Edition, A R R L , Newington, Connecticut, 
1971, page 251. 
3. Reference Data for Radio Engineers, 5th 
Edition, Howard W. Sams & Co., I ndianapolis, 
Indiana, 1968, page21-4. 
4. E. Wetherhold, W3NQN, "An Amateur 
Application of Modern Filter Design," QST, 
July, 1966, page 14. 
5. E. Wetherhold, W3NQN, "Modern Filter 
Design for the Radio Amateur," QST, 
September, 1969, page 42. 
6. A.I.Hi Wade, G3NRW, "Design Criteria for 
SSB Phase-Shift Networks," ham radio, June, 
1970, page 34. 
7. Jack Manon, W6FIG, "An HF-Band Sofid-
State Amplifier," QST, September, 1973, 
page 18. 
8. Roy C. Hejball, K7QWR, "Broadband 
Solid-State Power Amplifiers for SSB 
Service," QST, March, 1972, page 36. 
9. G. Kent Shubert, WA0JYK, "Low-Pass 
Filters for Solid-State Linear Amplifiers," 
ham radio, March, 1974, page 38. 
10. H, Rommel Hildreth, W0IP, "I.V.I.," 
QST, October, 1968, page 40. 
11. H. Rommel Hildreth, W0IP, "More on 
Instant Voice Interruption," QST, June, 
1972, page 19. 
12. G.D. Hanchett, W2YM, "The Field-Effect 
Transistor as a Stable VFO Element," QST, 
December, 1966, page 11. 

ham radio 

22 Q3 june 1975 



converting the 
slim-line 

touch-tone handset 

A telephone handset 

combining touch pad, 

microphone and speaker 

into a single unit 
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Tone signalling for amateur repeater 
autopatch access, repeater secondary 
control access, or selective calling is a 
rapidly expanding technique in fm 
circles. Many amateurs are using a 
touch-pad mounted in a separate en-
closure as a source of these tones. While 
this method is acceptable, it does have 
disadvantages; finding a place for the 
bulky touch-pad enclosure and switch-
ing the associated microphone and push-
to-talk circuit interfaces with the trans-
ceiver to make the touch-pad approach 
somewhat inconvenient. 

A solution to this inconvenience is to 
replace the separate touch-pad and 
microphone elements with a unit which 
contains both, a Slimline, Touch-Tone* 

"Touch-Tone is a Registered Trademark of 
the Bell System. 
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handset. The handset also has the addi-
tional advantage of an earphone, which 
can be used for private listening when 
operating with a car full of sleeping 

HANDSET tHEAR VI£W) 

fig. 1. Rear view of the handset showing sug-
gested location for mounting the P T T switch. 

children or other persons you don't 
wish to annoy with the receiver audio. 

modification 
The Slimline phone is not very useful 

for amateur radio use as wired for tele-
phone service and will require some 
electrical and mechanical surgery to 
make it compatible with fm transceiver 
input/output circuitry. The modifica-
tion is begun by opening up the unit by 
removing the two screws found under 
the removable, transparent plastic, tele-
phone number cover. With the unit 
open, you can see the plastic printed cir-
cuit which contains the interwiring for 
the handset. This printed circuit must 

be removed by extracting the screws on 
the earpiece, touch pad, and micro-
phone connections, and then carefully 
unsoldering the remaining solder con-
nections. Don't lose the screws as they 
will be used when the unit is rewired. 

Since the handset has no push-to-talk 
button, one will have to be installed. 
The first thing you will notice is that 
there isn't much room for one anywhere 
in the unit. However, a miniature push-
button switch, available from Lafayette 
Radio and Electronics (part number 
99P62184), will fit in the space between 
the earphone assembly cover and the 
side of the handset, as shown in fig. 1. 
Care should be taken in locating the 
specific spot where the switch will be 
mounted. When this is determined, drill 
a small guide hole in the handset case 
using a slow drill speed. Then follow 
with a drill large enough to allow switch 
mounting. Again, use a slow drill speed 
and exercise care in drilling. When the 
switch is installed the handset is ready 
for rewiring. 

rewiring 

To use the handset it must be wired 
as shown in fig. 2. This circuit uses 
contacts inside the touch-pad to switch 
the microphone element in the audio 

5 PIN 
CONNECTOR 

ON HANDSET 

AUDIO IN 

CAR 
PHONE 

esc 

, 7' ' LAM 
f? I 6 O-tO 

TOUCH POD 
(REAR) 

AUDIO OUT 

MICRO-
PHONE 

° ° ' 0 

<< 

^RETUm , / c 

fig. 2, internal rewiring of Handset. Use an 
ohmmeter to check input/output connector 
pins for continuity. 
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output line when no touch-pad buttons 
are depressed; conversely, the touch-
pad's output replaces the microphone's 
whenever a touch-pad button is actu-
ated. The output connector on the tele-
phone is a tricky area. When you view 
its connection points and output pins 
there seems to be a one-to-one, geo-
metric association. Not true! Some of 
the pins do not connect with their most 
adjacent input point; use an ohmmeter 
to check which pin goes to which out-
put point and you won't be fooled. 

interconnecting 
The rewired handset may be con-

nected directly to any transceiver having 
an audio input compatible with a 
carbon microphone. This connection is 
shown in fig. 3A, and may also be used 
with transceivers designed to use 
dynamic microphones having integral 
preamplifiers. If your radio uses a low 
impedance (500 ohm) dynamic micro-
phone without an integral preamp, the 
circuit of fig. 3B should work. If the rig 
uses a high-impedance ceramic micro-
phone the circuit of fig. 3C is suggested. 
The potentiometer should be adjusted 
to give the same modulation level as the 
original microphone. 

The input/output to the radio may 
be made with the coiled telephone 
handset cable. However, you will find 
this cable is very difficult to solder. The 
conductors are a combination of coiled 
copper and cotton thread; this makes 
them very flexible but makes soldering 
to them somewhat tedious. However, by 
carefully removing the thread and keep-
ing the heat to a minimum, it can be done. 

The connector used at the transceiver 
input should be one which provides 
effective strain relief for the handset 
cable. If a good strain relief isn't pro-
vided, the small coiled copper wires, 
which become brittle when soldered, 
will surely break. An Amphenol type 

91-MC6M cable plug and 91-PC6F chassis 
receptacle are recommended. 

The handset approach to fm mobile 
operation relieves the "where to put the 

' < r 
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fig. 3. Interconnection wiring between hand-
set and transceiver. For carbon microphone or 
amplified dynamic microphone inputs use the 
circuit of (A). Dynamic microphone inputs 
(500 ohm) require the circuit of (B). Use (C) 
for inputs designed for ceramic microphones. 
Other wiring is the same for all four types. 

touch-pad" dilemma in first-class style. 
The carbon microphone element in the 
telephone produces surprisingly good 
audio quality, and the private listening 
feature is a nice bit of serendipity which 
is quite useful. If nothing else, the hand-
set will enhance your "Frank Cannon" 
image immeasurably. 
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audio-radio 
frequency 

its cause and 
cure 

Most cases of 

rf interference 

to audio hi-fi 

and stereo equipment 

can be cured — 

typical solutions 

are discussed here 

Having an active hobbyist's and a com-
mercial interest in the fields of amateur 
radio as well as in stereo and high-
fidelity equipment, I am very concerned 
about hi-fi interference and its possible 
cures. It would seem that many audio 
equipment manufacturers leave their 
products wide open to the reception of 
unwanted radio signals, and to deter-
mine to what extent, I decided to run 
some tests. 

An amateur single-sideband trans-
mitter with about 200 watts power out-
put was connected to a center-fed di-
pole with a coaxial transmission line; 
the antenna and transmitter were 
located about 50 feet (15 meters) from 
my company's audio equipment show-
room. Test transmissions were made at 

j both 21.2 and 3.6 MHz. With no 
-J external inputs (phono pickup or 
<3 tuner), half of the fourteen amplifiers 
w tested proved susceptible to interference 
•j= on 80 meters, and five suffered inter-
g ference on 15. When the phono pickup 
> 

jjj "Holdings Photo Audio Centre, Mincing Lane, 
I Darwen Street, Blackburn BB2 2AF. 
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was connected the interference became 
quite severe on nine amplifiers, and 
when the tuner and antenna were con-
nected, all amplifiers except one 
suffered heavy interference. 

Since the tests were made in our hi-fi 
showroom the speaker leads were rather 
long, and possibly resonant near the 
80-meter band, so this probably ex-
plains the greater incidence of inter-
ference on the lower frequency. Shorter 
leads would possibly have reduced inter-
ference on 80 meters and increased it 
on 15. 

I think it would be fair to say that 
the circumstances and power used were 
pretty average, and it would be reason-
able to expect similar results within a 
few doors of an amateur radio station, 
or within less than a mile or so of a 
high-powered commercial station. In all 
of these tests, and in some more severe 
tests undertaken at home, the amplifier 
which came out best was the Quad 
which, from an examination of the cir-
cuit diagram, was found to have con-
siderable built-in RF I protection as well 
as being completely enclosed in a metal 
cabinet. 

In the future, as radio transmitters 
for broadcasting, business radio and 
amateur radio multiply in power and 
number, and the RF I rejection of ampli-
fiers gets worse (due to the advent of 
the transistor and the printed circuit), 
the problem needs immediate attention. 
Fortunately a few manufacturers are now 

fig. 1. Loudspeaker lead can be formed into 
an rf choke by winding the lead around a 
ferrite antenna rod. 

taking note of the problem; it is to be 
hoped that others will soon follow suit. 

external pickup 
Before delving into the equipment 

itself, let's see what can be done exter-
nally to help when unwanted radio 
transmissions are already being picked 
up. The first move is to determine the 
frequency of the transmitting station, as 
knowledge of this will enable you to 
make a more intelligent approach to the 
problem. Calculate the wavelength of 
the interfering signal and take a look at 
the lengths of the various leads used in 
the audio installation. A lead only a 
fraction of a wavelength long (say 
1 /20th) makes quite a good antenna, 
and any lead which is a quarter-
wavelength long (or any multiple there-
of) will make a very effective antenna. 

If no work is contemplated inside the 
amplifier, the only possible approach is 
to try to establish how the RF I is 
entering the circuit. A simple step is to 
remove the input leads one at a time, 
and note which one reduces or elimi-
nates the interference. The speaker leads 
are quite likely causes of trouble and 
hence, experimentally, they can be 
shortened to less than 1/20th of a wave-
length, or can be disconnected in favor 
of a pair of headphones with short 
leads. 

If the RF I is still present with the 
leads all disconnected, the trouble is due 
either to rf pick-up on the amplifier's 
internal wiring, or it is coming in 
through the power lines. Check for 
interference arriving via the ground lead 
by disconnecting it. To test for pick-up 
from the power lines simply pull the 
plug out quickly while the interference 
is manifesting itself. If RF I is entering 
by the ac line it will disappear the 
instant the plug leaves the socket; if it is 
being picked up in the internal wiring of 
the amplifier it will slowly fade away as 
the power-supply filter capacitor dis-
charges. 

If the interference is arriving through 
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fig. 2. Ferrite or powdered-iron toroid can 
also be used to form in-line rf chokes with 
loudspeaker leads. 

the ac power lines, install an ac line 
filter which is effective at the frequency 
of the unwanted transmission. This type 
of filter is used to suppress vacuum 
cleaners, electric shavers, etc., and is 
available from most electronic distribu-
tors. Alternatively, the hot, neutral and 
ground leads can be treated with ferrite 
cores, as is described later in connection 
with speaker leads. 

speaker leads 
If R F I via the speaker leads is the 

trouble, check that the leads are not a 
multiple of a quarter wavelength, and if 
they are, alter the length, preferably by 
shortening. If this does not cure the 
trouble, connect four 0.01 -juF disc cer-
amic capacitors from plus and minus 
speaker sockets, with the shortest possi-
ble connections, directly to the chassis. 
If the interfering signal is lower than 
about 5 MHz, larger capacitor values 
may be required, but they should be 
used with caution in case they affect the 
high-frequency stability of the amplifier. 

These moves should almost certainly 
reduce the strength of interference, but 
if it is still present, form the speaker 
leads near the amplifier into radio fre-
quency chokes (fig. 1 and 2). This can 
be done by wrapping the lead around a 
ferrite antenna rod, or better still, by 
winding the lead around a ferrite core. 
About twenty turns will be needed to 

form an effective choke for frequencies 
in the range of 10 to 20 MHz, with 
proportionally more turns for lower fre-
quencies. 

Reception on the pickup leads them-
selves is only common at higher fre-
quencies where the leads begin to form 
an appreciable fraction of a wavelength. 
If possible, the simplest solution is to 
shorten the leads. Alternatively, the 
pickup leads can be wound around a 
ferrite rod or ferrite core to form an rf 
choke (fig. 3). While investigating this 
side of the problem, check the pickup 
grounding as the wiring scheme shown 
in fig. 4 sends any signal picked up on 
the ground lead straight into the phono 
socket of the amplifier. Fig. 5 is a much 
better arrangement. 

tuners 

If R F I via the tuner leads appears to 
be the trouble, try disconnecting the fm 
antenna as the coaxial feedline makes an 
excellent shortwave antenna with the 
signal going to ground through the tuner 
leads and the amplifier printed-circuit 
boards. The answer here, as is shown in 
fig. 6, is to provide a 1:1 transformer in 
the antenna lead which will pass the vhf 
f m s igna l but isolate the lower-
f requency interfering signal. Fig. 7 
shows a simple way of doing this with a 
slight loss of signal; if you cannot afford 
to lose a little signal the transformer 

fig. 3. In some cases interference can be 
reduced by winding external audio input leads 
on toroidal cores. 
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fig. 4. Correct grounding connection for externa) pickup is shown in ( A ) , improper ground 
connection is shown in (B). In the circuit of (A ) the only input signal is the desired one, whi le in 
(B) any signal picked up on the ground lead goes directly to the input socket of the ampli f ier . 

shown in fig. 8 can be made quite 
simply. 

If the feedline is not grounded, a 
1 -megohm static discharge resistor 
should be connected between the pri-
mary and secondary of the transformer. 
If you are not able to purchase the small 
ferrite core, it can be obtained by dis-
mantling a balun transformer from an 
old TV set. 

If the interference continues, even 
with the fm antenna disconnected, the 
audio connecting leads can be treated 
with a ferrite core as described pre-
viously. 

equipment modifications 
In addition to the external connec-

tions discussed so far, I decided to see 
what internal modifications would be 
needed to improve an amplifier's per-
formance from the RFI point of view. I 
quickly realized that more RFI was 
getting in through the shields of the 
input leads and through the ground side 
of the speaker leads than was traveling 
in via the live conductors. To reduce 
problems with hum caused by ground 
loops, most good quality amplifiers do 
not have the speaker or input connec-
tors grounded near their mounting 
points, but return them to the chassis 

through the circuit-board panels. This 
arrangement is fine from an audio point 
of view, but does nothing to stop rf 
from entering the circuit. 

The problem was investigated further 
with the use of an rf signal generator 
and it was soon realized that no single 
component was going to cure the 
trouble, and a "belt and suspenders" 
attack was decided on. 

Rf interference to audio amplifiers is 
caused primarily by the transistor junc-
tions rectifying, and therefore demodu-
lating, the radio frequency energy. The 
answer here is to short-circuit the junc-
t ion sensitive to radio frequency by the 
use of bypass capacitors. Al l the transis-
tors in my preamplifier seemed sensi-

fig, 5. The 1:1 transformer in the transmission 
line f rom the fm antenna prevents the signal on 

the coaxial shield f rom 
ANTENNA g o i n g t o g r o u n d 

through the tuner and 
ampl i f ier . In di f f icult 
cases at lower frequen-
cies the cable shield 
should be grounded di-
rectly w i t h a very short 
lead. 

A R\ ... SHORT LEAD 
U -V 7D TUNER 

SHORT 
GROUND LEAD 

JT 
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SOLDER INNER CONDUCTOR TO 
SHIELD AND COVER WITH TAPE. 

\ TO 3" 
(SO-70 MM) 
DIAMETER 

' i n 
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TO ANTENNA 

TO FM TUNER VvN 

o 
fig. 6. Details of Faraday double-loop filter 
are shown in (A) . T w o of these loops are 
placed next to one another as shown in (B), 
taking care to insulate all wires and shields. Be 
sure the two loops are laced or taped firmly 
together. 

tive, and in the end it was decided that 
they should all be bypassed. As has been 
noted previously, much of the rf was 
entering through the shields on the 
phono and tuner leads, so these were 
also bypassed to the chassis; it was not 
found necessary to bypass the speaker 
leads once the preamplifier had been 
attended to. 

The results of a handful of bypass 
capacitors were so successful that it is 
now possible to operate the amplifier 
with only very slight breakthrough with 
a high-power transmitter and antenna in 
the same room as the amplifier. Pre-
viously, with the two units 100 feet (30 
meters) apart, the interference was at a 
deafening level. 

Successful as the modification seem-
ed from tests in my company's work-
shop, it was decided in the interests of 
science (and amateur radio) to see what 
happened when the equipment and 

transmitter were operated in my own 
home. When the modified amplifier was 
first connected, results with the trans-
mitting antenna 20 feet (6 meters) away 
were rather disappointing as inter-
ference still varied between "quite 
loud" and "deafening," depending upon 
the operating frequency. 

The interference was not too bad 
when the tuner was switched in, but was 
very objectionable when switched to the 
phono pickup. Further investigations 
showed that the trouble disappeared if 
the fm antenna (which was only about 3 
feet [1 meter] from the transmitter 
antenna) was disconnected. The feedline 
to the fm antenna was fitted with a 1:1 
transformer, and while I do not normal-
ly make a habit of listening to my hi-fi 
setup when talking to someone on the 
other side of the world, this would now 
theoretically be possible! Of course, the 
signal injected into the amplifier at this 
range is more than you would normally 
expect in the average home, but it does 
i l lustrate that many manufacturers 
could considerably improve their equip-
ment in this respect at negligible cost. 

bypass capacitors 
Those readers contemplating similar 

modifications should remember that 
there is no such thing as a perfect 
capacitor; all have some inductance. In 
general, the larger the value of the 
capacitor, the larger its self-inductance, 
so the theoretical circuit of a practical 

fig. 7. Simple 1:1 transformer uses two-
hole ferrite bead salvaged from old tele-
vision set. 

TAPE AND 
COVER SCREEN 
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capacitor appears as a series L C circuit 
as shown in fig. 9. At high radio fre-
quencies, the inductance of, say, a 
metal-foil capacitor can have a reactance 
of hundreds or even thousands of ohms, 
making the capacitor useless when it 
comes to bypassing such radio fre-
quencies. 

If you are to effectively short out the 
base-emitter junctions of transistors, or 
bypass the shields of connecting cables 
to the chassis, the reactance of the 
capacitor you use should not be more 
than an ohm or two at the frequency in 
question. A very suitable capacitor for 

fig. 8. A practical capacitor has unavoidable 
inductance of leads as well as self inductance. 
At high frequencies inductance must be kept 
to an absolute minimum. 

this type of work is the disc ceramic 
capacitor, which has a very low self-
inductance. From an R F I point of view 
a 0.01 juF disc ceramic capacitor with 
minimum-length leads will present a 
reactance of only a few ohms from 
about 5 to 100 MHz. 

At lower frequencies higher value 
capacitors may be needed, but they may 
affect response at the highest audio 
frequencies so unless the interference is 
severe from a transmitter on 160 or 80 
meters, capacitors of lower value should 
be fitted between the base and emitter 
junctions. In practice, values between 
500 and 5000 pF appear in the circuits 
of manufacturers who have taken pre-
cautions in this direction. 

If the trouble is with breakthrough 
of television audio or business radio 
transmissions in the 50-200 MHz range, 
a smaller value capacitor, say 50-200 
pF, may be even better; when connec-

ted with the minimum practical lead 
length it is possible for such a capacitor 
to form a series-resonant circuit to pro-
vide an almost dead short. 

Whether or not a particular value 
capacitor will affect the audio response 
of an amplifier is difficult to predict, as 
much depends upon the impedance of 
the circuit. When adding components it 
is advisable first to modify only one 
channel of a stereo amplifier, so that the 
square-wave and frequency response can 
then be compared with the unmodified 
channel to ensure that the aduio re-
sponse has not been upset. 

At frequencies beyond 100 MHz or 
so, it becomes increasingly impractical 
to add capacitors to a circuit with short 
enough leads for them to be really 
effective. At this frequency the best 
approach is to fit ferrite beads on to the 
transistor leads. These beads increase 
the inductance of the transistor lead and 
operate as an rf choke. 

summary 
Since doing the tests and modifica-

tions to my own amplifier, several cases 
have occurred where customers have 
had serious trouble with rf interference, 
and the following modifications have 
always produced a cure: 

1. Input connectors. Install a 0.01 ( i f 
disc ceramic capacitor from ground side 
of all input connectors to chassis. 

2. Transistors. Install a 1000 pF disc 
ceramic capacitor from base to emitter 
of all transistors in the preamplifier. 

3. Loudspeaker terminals. Install a 0.01 
f i f disc ceramic capacitor from the live 
and ground side of these terminals 
direct to the chassis. 

While modification 3 will be found 
quite effective on its own, as it can 
often be done externally, it has not 
generally been found necessary when 
the other work is done internally. 

ham radio 
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500-MHz 

decade prescaler 
Using new 

sub-nanosecond ICs 

to build a 

ten-to-one prescaler 

that will extend 

the frequency range 

of your counter 

to 560 MHz 

About seven years ago, using the new 
emitter-coupled logic (ECL), I bui l t a 
100:1 digital prescaler that extended 
the range of my 1-MHz vacuum-tube 
counter to 100 MHz. Although the pre-
scaler stopped well short of two meters, 
it was a significant improvement at the 
time. Recently I removed the old 100:1 
prescaler circuitry f rom the chassis and 
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installed a decade prescaler circuit that 
accurately counts to beyond 500 MHz. 
AM that was required was two ICs and 
about two hours of bench time. 

circuit 
The circuit for the 10:1 500-MHz 

frequency scaler is shown in fig. 1. 
The first IC, a Fairchild 11C06, is 
a type-D f l ip-f lop rated to 700 MHz by 
the manufacturer.1 However, wi th the 
circuit layout I used, the prescaler stops 
counting properly at about 560 MHz. 
The 95H91 is a Fairchild divide-by-5 
counter IC f rom the same ECL family as 
the popular 95H90.* Input sensitivity 
of the prescaler is less than 100 mV 
f rom 10 to 500 MHz. 

The two back-to-back diodes from pin 
9 of the 11C06 to ground protect the in-
put against overload. Nevertheless, the 
maximum input voltage should not ex-
ceed 1 volt rms. The 500-ohm pot sets the 
bias voltage on U1 to about 3 volts. This 
control should be adjusted for maximum 
sensitivity. The output f rom pin 8 of the 

'Tota l price of the two ICs is about $36 in 
small quantities from your local franchised 
Fairchild distributor. Motorola and Plessey 
manufacture similar sub-nanosecond ICs, in-
cluding several that are rated to 1000 MHz. 
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f ig. 1. Ci rcu i t fo r 
the 500-MHz decade 
prescaler. A l l resis-
tors are V« wa t t , 5%. 
C i r c u i t l a y o u t is 
shown in f ig. 2. 

INPUT ( • 4 

L i r IN9I4 

180 mA 

m m 

OUTPUT 

95H91 is connected to a 50-MHz fre-
quency counter. If the connecting cable 
is more than about 12 inches (30cm) long, 
a 50-ohm termination should be used. 

construction 

In my prescaler all the components 
are installed on a small piece of copper-

clad circuit board about 2-inches square 
(50x50mm). I used point-to-point wir-
ing as shown in the layout in fig. 2. 
Make sure all the component leads are 
as short as possible. 

In my unit I included a regulated +5 
volt power supply for convenience (see 
fig. 3). Although the prescaler requires 

—•—0+5V 

Jt 
BNC 

220 

fig. 2. Component layout fo r the 500-MHz 
decade prescaler. Ci rcu i t is bu i l t on small 
section of copper-clad circui t board. A l l leads 
to U1 must be as short as possible. 

f ig. 3. Regulated +5 vo l t power supply fo r the 
500-MHz prescaler. 

180 mA and the Triad T90X trans-
former is only rated at 100 mA, it re-
mains quite cool, even during extended 
periods of operation. If you are going to 
use this prescaler with a TTL-based 
counter that has a regulated +5 volt 
supply with sufficient reserve, you may 
be able to power the 500-MHz prescaler 
from the existing supply. Make sure, 
however, that your counter's +5 volt 
supply can handle the additional 180 
mA load, 

reference 
1. Doug Schmieskors, W B 9 K E Y , " 1 2 0 0 - M H z 
Frequency Scalers," ham radio, February, 
1975, page 38. 
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stable 
crystal oscillators 

A selection of stable 

crystal-oscillator circuits 

for 50 kHz to 80 MHz 

which minimize the influence 

of the transistor 

and the crystal's 

series resistance 

Crystal oscillators are commonly used 
wherever stable frequencies are required. 
The crystals selected for these circuits 
are not always completely known so far 
as their inner parameters are concerned, 
and many radio amateurs run into diffi-
culties with the crystal's equivalent series 
resistance, R s {if it is too high, many 
published oscillator circuits do not oper-
ate properly). 

Since there is no practical oscillator 
circuit which will cover the entire fre-
quency range from, say, 50 kHz to 150 
MHz, it is the purpose of this article to 
describe some circuits, using transistors, 
which are fairly independent of crystal 
losses and will give extremely stable 
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frequencies. Almost any general-purpose 
rf transistor may be used in these cir-
cuits provided that the transit fre-
quency, f T , is higher than 250 MHz. 

500 to 800 kHz 
Fig. 1 shows an oscillator circuit 

which can be conveniently used in the 
range from 50 to 800 kHz. The only 
requirement for the crystal is that it 
must be operated in its fundamental 
series mode. The adjustable trimmer 
capacitor permits enough pulling range, 
and the 0.7-volt rms output is more 
than adequate for most requirements. In 
most cases the frequency range of this 
oscillator can be easily extended to 100 
kHz, using crystals widely found in cali-
brator circuits. 

1 to 20 MHz 
Fig. 2 shows an oscillator circuit 

which exhibits extremely low power dis-
sipation in the crystal, thus giving ulti-
mate frequency stability. Capacitors C1 
and C2 must be selected according to 
the frequency range as shown. While 
most designers use almost the same 
value capacitor at both C1 and C2, the 
capacitance of C1 should be substantial-
ly higher than C2. This reduces the in-
fluence of the transistor on the stability 
of the circuit by more than five times. 
For some unknown reason, only a few 
people are apparently aware of this 
advantage. 

In the circuit of fig. 2 the output 
voltage is taken across the parallel RC 
circuit made up by capacitor C3 and 
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resistor R1, a 22-ohm resistor. Together 
with the crystal R1 and C3 form a low-
pass filter which suppresses the second 
harmonic by 60 dB. 

In cases where high stability must be 
combined with the selection of many 
channels, the oscillator circuit and diode 
switching scheme shown in fig. 3 is high-
ly recommended. In this circuit the 
crystals are used in their series-resonant 
mode, and depending upon the parallel 
capacitance of the fixed trimmer capaci-
tor, 39 pF in the schematic, the indi-
vidual frequencies may differ substan-
tially from crystal to crystal. In this 
circuit, as well as in the others presented 
here, the influence of the external com-
ponents is minimized. 

harmonic oscillators 
Harmonic oscillators are used for 

higher frequencies. It is very dif f icult to 
build stable crystal oscillators using 5th 
or 7th overtone crystals because these 
crystals are usually BT cuts which result 
in very poor temperature coefficient 
characteristics. It is much more con-
venient to use an AT-cut, third-overtone 
crystal and take advantage of the inher-
ent frequency-doubling capabilities of 
the transistor. These harmonic oscillator 
circuits are often found in mobile radio 
systems where a number of channels are 
required. 

The circuit in fig. 4 shows a switch-

A l W - O + >2V 

fig. 1- Crystal oscillator circuit for use over 
the f requency range f r o m 50 to 8 0 0 k H z . 
Transistors Q 1 and Q 2 are types 2 N 7 0 8 , 
H E P 5 0 , B C 1 0 8 or similar. 

r 
- A W O +/2V 

100 

f—O = TOO mV RMS 
S tiF 

O 
2200 

fh 

m m 

—05: 200 mV RMS 

Rt 
22 

r 
FREQUENCY CI. C3 C2 

800 kHz 
4 MHI 

t MHi 
20 MHl 

2200pF 

390pF 

560 0F 

IOO pF 

fig. 2. Crystal oscillator circuit for the fre-
quency range f r o m 8 0 0 k H z to 2 0 M H z uses 
series-resonant. Fundamenta l -mode crystals. 
Parallel circuit made up of R1 and C3 sup-
presses second harmonic by SO dB. Transistor 
Q1 is a 2 N 7 0 8 , H E P 5 0 , 8 C 1 0 8 or similar. 

able overtone oscillator. The crystals, 
third-overtone types, may oscillate be-
tween 20 and 80 MHz. The series induc-
tance, not required for each crystal, 
must be selected so that it is series reso-
nant with 10 pF at the crystal's operat-
ing frequency. The total number of 
switchable channels may be as high as 
twenty, and the circuit wil l still remain 
stable without showing any uncontrol-
lable oscillations. 

The tuned circuit in the output of 
fig. 4, which can easily be modified into 
a bandpass filter from the single-tuned 
circuit, wil l provide about 500 mV rms 
into 50 ohms at two times the crystal 
frequency. If a bandpass filter is used at 
the output, subharmonic suppression 
wil l be greater than 60 dB. 

Fig. 5 shows an overtone crystal os-
cillator circuit which can be either mod-
ulated or used as a very stable vexo. In 
circuits where the final frequencies are 
derived by mixing one oscillator output 
with another, frequency adjustments 
can be made externally by applying a dc 
voltage. 

For example , assume a single-
conversion receiver is to be built for the 
144-MHz band which wil l work only at 
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fig. 3. Switchable crystal-oscillator circuit for use over the frequency range f rom 2 to 20 M H z uses 
series-resonant, fundamental-mode crystals. Inductance at L I should be about 30 ^UH at 2 M H z , 
and about 1 jUH at 20 M H z . Transistor Q 1 is a 2 N 7 0 8 , H E P 5 0 , B C 1 0 8 or similar rf npn type. 
D iodes C R 1 , C R 2 thru C R n are switching types such as the S A Y 6 7 . 

the ssb portion. Most ssb stations oper-
ate near 144.1 MHz , so if a 58 -MHz 
oscillator is used and doubled in fre-
quency to 116 M H z (for use with a 
28-MHz i-f) the electronic tuning (pull-
ing) range is about 60 kHz, more than 
enough range for typical two-meter ssb 
operation. There is practically no no-

ticeable sacrifice in frequency stability 
if the tunable frequency range is not 
extended beyond 60 kHz. 

Similar oscillators may be useful in 
p o r t a b l e high-frequency transceivers 
where the pulling range may be slightly 
less but still sufficient to cover the C W 
portion of an amateur band. 

a s 5 0 0 m V 
RMS 

fig. 4. Switchable overtone oscillator uses third-overtone crystals in the 20 to 80 M H z range and 
frequency doubles in the transistor. Inductors l_i, l 2 thru L n are series resonant with 10 p F at the 
crystal frequency. Inductor L 4 in the tuned circuit at the output is resonant at the desired output 
frequency with 10 p F ; the Input and output coupling inductors, L 3 and L5 , have one-third the 
number of turns as L 4 . Transistor Q 1 is a 2 N 9 1 8 , B F 1 1 S , H E P 7 0 9 or similar. D iodes C R 1 , C R 2 
thru C R n are switching types such as the B A Y 6 7 . 
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summary 
The crystal-oscillator circuits dis-

cussed here are highly recommended for 
new designs since they do not require 
special crystal parameters. Even older 
crystals, which the amateur may find in 
his junk box, will provide extremely 
good results. The other major advantage 
of these circuits is that the influence of 
the circuitry surrounding the crystal is 
minimized. 

til T02ZV 

2N44I6 

O OUTPUT 

wWOfO 

2200 I Ok 

fig. 5. Overtone oscillator circuit which fre-
quency doubles in the transistor and can be 
frequency modulated or used as a stable 
vcxo. Tuning range wi th a 70-MHz third-
overtone crystal is typically 30 kHz at the 
crystal frequency (60 kHz at the output) . 
L I is resonant wi th C I at the desired output 
frequency; varactor tap is at V* the total 
number of turns. Transistor Q1 is 2 N 9 1 8 , 
BF115, HEP709 or similar. Varactor diode 
CR1 is BB142 or Motorola BB105B. 

Where more expensive crystals are 
used, perhaps in a heated oven, the sta-
bility of these circuits will be superior 
to most of the oscillator circuits which 
are usually used in amateur equipment. 
This is because of the special design and 
the use of slightly larger capacitors 
across the transistor which minimize its 
influence on circuit stability. 

ham radio 

NEW! HR-440 
12 Channel 

440 MHz FM Transceiver 

Delivers 10 Watts of Power 
and 12 Channel Capability 

You'll like the crystal clear transmit 
and receive performance of 

this compact 440 MHz unit . . . 
and so wi l l those listening. 

Solid state design brings you 
the best in American Made 

circuitry. Features include 
Automatic Frequency Control and 

UHF power module. Frequency 
range is 420-450 MHz, with 0.5 mv 

tune-up sensitivity and 3 watts 
audio output. No need to worry 

about current drain, either. And 
all of this for the low, low price 

of only $ 349 00 

' * Amateur Net 

• e n c ^ ELECTRONICS. INC. 
7707 RECORDS STREET 

INDIANAPOLIS. INDIANA 46226 

An FM Model For Every Purpose . . . 
Every Purse 

HR-6 HRT-2 ACT 10H/1/U 
12 ChanneI-25 Walts 5 Channel Hand-Held 3 Band lfl Channel 
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rf speech processor 
for the 

Heath SB-102 

Construction details 

for an 

rf speech processor 

which operates at 

the 3395-kHz i-f 

and provides 

up to 20-dB clipping 

The circuit of the popular Heath SB-102 
sideband transceiver, shown in fig. 1, 
lends itself to the addition of an rf 
speech processor. Capacitor C22 couples 
the output of the balanced modulator 
transformer, T1, to the cathode of the 
6AU6 filter isolation amplifier, V2. 
Since C22 is mounted on the foil side of 
the modulator circuit board it may be 
easily disconnected from V2 and used 
to reroute the ssb signal to the speech 
processor. The processed ssb signal is 
returned to the cathode of V2. This 
arrangement works out very well as it 
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does not affect any of the receiving 
circuitry. The 470-ohm resistor is add-
ed to the circuit so that transformer 
T1 is terminated with essentially the 
original load. 

speech processor 

The circuit of the rf speech processor 
I use with the SB-102 is shown in fig. 2. 
Although this circuit was designed speci-
fically for use with the SB-102, it could 
be easily adapted to other sideband 
exciters which require a processor with 
the sideband selection filter at or near 
the input prior to signal processing (FL1 
in fig. 2). The existing sideband filter is 
used to filter out the clipping products. 

Transistors 01, 02 and Q3 provide 
the necessary signal amplification along 
with proper terminations for the Heath 
filter and automatic gain control for the 
two amplifier stages. The age system is 

fig. 1. Rf speech processing unit for the 
SB-102 is inserted between the balanced mod-
ulator transformer, T 1 , and the f i l ter isolation 
ampl i f ier , V 2 . 

38 GB june 1975 



CLIPPING LEVEL 

L 1 . U 3 15 fJH. 29 turns no. 2 2 on A m i d o n 
T - 5 0 - 3 toro id core 
30 (AH. 41 turns no. 2 2 on A m i d o n 
T - 5 0 - 3 toro id core 

fig. Z. C i r c u i t diagram for the rf speech processor. F i l ter Fl_1 is the same as that used in the 
S B - 1 0 2 . T h e exist ing sideband fitter in the transceiver is used to filter out the c l ipping products. 

very effective and provides a reasonably 
stable signal level before the actual 
signal processing takes place. 

Trans i s tor Q4 is a manually-

controlled gain stage which allows 
setting of the desired clipping level, 
transistors Q5 and Q6 form the clipper, 
and Q7 is a source-follower output stage 
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to drive the cathode of the 6AU6. The 
metering circuit (Q8 and Q9) measures 
the relative amplitude of the signal prior 
to clipping; the meter is calibrated in 
voltage ratios (dB) above the initial clip-
ping voltage level. 

The clipper is actually a fet version 
of the old vacuum-tube dual-triode clip-
per which was popular years ago. This 
clipper circuit offers a high-impedance 
load to the preceding amplifier stage so 
it does not appreciably attenuate the 
signal prior to clipping. Gate rectifica-
tion does not occur until the signal 
input is well above that required for 20 
dB clipping. The variable tap on Q5's 
source resistor provides easy adjustment 
of clipping symmetry while Q6's drain 
load resistor determines the amplitude 
of the clipped signal. 

construction 

The three stages of amplification 
used in the processor described here 
result in a rather sensitive high-gain 
chain that is susceptible to internal feed-
back, oscillation and the transmitter 
signal pickup. When building this cir-
cuit, therefore, it's a good idea not to 
miniaturize the layout to the extent 
that you develop unwanted signal coup-
ling between components. In addition, 
use toroid-cored coils to minimize in-
ductive coupling, be liberal with bypass 
capacitors and decoupling resistors in 
the 15-volt supply line, and use plenty 
of shielding. 

In the speech processor I built the 
two-stage amplifier and feedback cir-
cuit (Q1, Q2 and Q3) as well as the 
sideband selection filter, FL1, are lo-
cated in a separate enclosure mounted 
toward the front panel. The gain-
controlled amplifier, clipper, output 
source-follower and metering circuit are 
in another enclosure toward the rear 
of the chassis. All input and output 
connections are made through shielded 
cable. 

The speech processor is easily con-
nected to the transceiver. A miniature 
two-lug terminal strip may be installed 
on the mounting screw adjacent to 
solder point 15 (see pictorial 3-4 in the 
Heath SB-102 manual). Capacitor C22 
may then be unsoldered from point 16 
and this lead reconnected to the new 
terminal strip with the added 470-ohm 
resistor. M i n i a t u r e coaxial cable 
(RG-174/U) may be routed from point 
16 (and from the new terminal strip) 
through the small cutouts in the center 
shield adjacent to the new terminal strip 
— the other end of these shielded cables 
are connected to spare phono jacks A 
and B on the rear apron of the trans-
ceiver. Since no holes have to be drilled 
in the chassis of the transceiver, and no 
components are removed, the equip-
ment can be immediately restored to 
original, if desired. 

Kits such as the Heath SB-102 offer 
an economical approach to amateur 
radio, and this same approach was used 
in the construction of the speech pro-
cessor circuit. More than 100 compo-
nents are used in the processor, but with 
the exception of the 3395-kHz crystal 
filter, the transistors and the toroidal 
cores, all components were removed 
from surplus units of various kinds. 
Some of the component values are not 
optimum, but the circuit is not overly 
critical and there is more than enough 
gain available that some leeway is per-
missable — you can probably use the 
components you already have in your 
junkbox. 

summary 
Both the pre-clipping age and the 

metering circuit have proven to be wel-
come additions to the speech processor. 
The unsolicited reports I have received 
on the quality of my ssb signal have, 
without exception, ranged from favor-
able to flattering, and have easily justi-
fied the construction of the unit. 

ham radio 
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estimating the 

noise figure 
of your 

vhf system 

A simple method 

of getting a handle 

on your 

vhf system 

noise figure 
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The vhf and uhf mixers and rf preampli-
fiers used by amateurs come in assorted 
sizes, colors and noise figures. Some are 
homebrew, others are commercially 
made. In either case, unless you happen 
to be lucky enough to own or have 
access to laboratory type noise genera-
tors, you probably don't know positive-
ly what your vhf system noise figure 
really is. 

The title of this article is not intend-
ed to suggest a quick way to accurately 
determine your particular receiving 
system noise figure. However, if you 
will take the time to read on, and then 
perform a few simple experiments, you 
can determine in what ballpark your vhf 
converter and preamp are playing. 

You need two things to play the 
game: first, a signal source, preferably 
remotely located, providing a signal 
which can be picked up on the antenna 
and fed into the shack; and, secondly, a 
receiver with a well calibrated S-meter. 
The latter can be accomplished by 
inserting a step attenuator* in the i-f 
circuit between the converter output 

*Such as that manufactured by Hewlett-
Packard, Kay and others. 
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and the receiver input. If left in the 
circuit, the attenuator can be used as a 
calibrated i-f gain control. In any case, 
1-dB accuracy is desirable. 

the experiment 
Fig. 1 shows a family of curves for a 

preamplifier wi th a 3-dB noise figure. 
The curves correspond to preamplifier 
gains of 4, 6 and 9 dB. Part of the 
experiment is to measure rf gain so you 
will know which curve to use. The 
curves show the signal-to-noise ratio 
improvement AS/N, with the preampli-
fier, in terms of mixer noise figure. 

If that last statement is confusing, 
don't give up. First, ask yourself, "What 
do I think the noise figure of my mixer 
is? 8 dB?" Okay, then perform the 
following experiment: 

1. With the antenna connected to the 
mixer and the receiver tuned away f rom 
the signal, set the i-f gain so the noise 
level registers zero S-units on the S-
meter. This is the reference.* Now tune 
in the signal and note the S-meter 
reading. 

2. Now add the rf stage. Note the new 
S-meter reading, the gain of the rf stage 
in dB wi l l be the difference in the 
S-meter readings in dB wi th and without 
the preamp. Assume it is 6 dB. 

3. Next, tune away from the signal and 
reset the i-f gain so the S-meter is back 
at the original reference setting. 

4. Finally, tune the signal in again and 
note the final S-meter reading. The 
improvement in signal-to-noise ratio, 
AS/N, is the difference between this 

' A n y convenient S-meter reading can be used 
as the reference, but it should be close to zero 
so that signal readings will fall in the region 
below S-9 where reasonable accuracy can be 
obtained. Also, to perform the experiment, 
the receiver must have sufficient gain so that 
noise wil l produce an S-meter reading. 

reading and that of the mixer alone. 
Assume it is 3 dB. 

5. Locate the AS/N = 3 dB point on the 
6-dB gain curve (fig. 1). Reading down 
from this point, you find that you 
guessed quite well — the mixer noise 
figure is about 8.5 dB. 

K 

9 * 

V) I 

o 0 2 A 6 e 10 12 14 16 IB 20 

MIXER NF-F, (dB) 
fig. 1. Overall noise-figure improvement with 

single preamplifier ahead of mixer (curves 

assume preamplifier noise figure = 3 dB). 

Derivation of curves is explained in appendix 

on page 44. 

This is fine and dandy, you say, but 
how do I know the preamp noise figure 
is 3 dB? Very likely you don't, but you 
probably know what it should be. As-
sume for example that the noise figure 
is 6 dB, not 3 dB. Using the 6-dB 
noise-figure curves shown in fig. 2, 
locate the AS/N = 3 dB on the 6-dB gain 
curve. Reading down from this point, 
you see that the corresponding mixer 
noise figure is about 12 dB. If preamp 
noise figure is really 6 dB, you ought to 
do something about the mixer noise 
figure. 

A t this point you're learning that 
there are all sorts of interesting possi-
bilities to this game. For example, if the 
mixer noise figure is truly low, say 5 dB, 
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then signal-to-noise improvement with 
the preamp is harder to come by. The 
AS/N is less than 1 dB if the preamp gain 
is 6 dB. On the other hand, if preamp 
gain is 9 dB, then the noise figure 
improvement can be as high as 1.5 dB. 
But it can't be 2 dB. This is a good 
example of how the game is played. 

e a to iz i4 i6 » 20 
MIXE* NF- f, tdB) 

fig. 2. Overall noise-figure improvement with 
single preamplifier ahead of mixer (curves 
assume preamplifier noise figure = 6 dB). 

Suppose that the improvement in S/N 
is negative (viz: the S-meter reading 
with the preamp, after resetting the 
noise reference, is less than the reading 
with the mixer alone). Your preamp 
noise figure is obviously greater than the 
mixer noise figure, regardless of what 
gain it has. You better do something 
about that, or don't use the preamp. 

system noise figure 
Before we end our guessing game, 

note that the small numbers along the 
curves represent overall noise figure of 
the mixer and rf amplifier together. 
These numbers are the most important 
of all because they represent your over-
all system noise figure. 

Suppose AS/N is very large, say 8 dB, 
and the rf gain measures 9 dB. This 
means the mixer noise figure is 17.5 dB. 

Note that in spite of the low preamp 
noise figure (3 dB), the poor perform-
ance of the mixer degrades the overall 
noise figure to 9.75 dB! 

Note also that if you use two rf 
amplifiers, you can still use the curves. 
Treat the rf amplifier feeding the mixer 
as the "mixer" and repeat the steps 
outlined above, adding the other rf 
amplifier to the combination. 

summary 
You may not be able to determine 

your overall receiving system noise 
figure accurately based solely on the 
instructions presented here, but if there 
is something seriously wrong in your 
system, you should be able to recognize 
it at once. 

And remember, when you play this 
game, that a small AS/N is a sign of one 
of two things: a mixer noise figure 
almost as low as the rf stage noise 
figure or an rf stage noise figure almost 
as high as the mixer's noise figure. 

appendix 

The curves of fig. 1 and 2 were developed from the 
following equation: 

A d B = 1 0 l o g ? ^ ^ — f 

This equation is derived by subtracting the overall 
noise factor F 0 from the mixer noise factor F z 

as follows: 

F - = F i + G: 
1 

F, + -N F 0 = 10 log 

N F Z = 10 log F 2 dB 

A N F = 10 log F 2 - 10 log 

A N F = 10 log 

1 
dB 

F i + G 
2 / I 

F, + 

A N F = 10 log 

Gi 

F2Gi 

dB 

F X G , + F 2 - 1 
dB 
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reducing 
warm-up drift 

in the 

Collins S-line 

Pre heating the 

S-line PTO 

considerably reduces 

warm-up drift — 

the same technique 

may be applied 

to other equipment 

The warm-up drift of the Collins S-Jine 
may be substantially reduced by means 
of the relatively simple circuit addition of 
a two-dollar resistor, without any drill-
ing or other circuit modifications. Ap-
plications to other receivers may be 
readily accomplished by experiment. All 
that is required is one Dale type RH-25, 
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25-watt, 1000-ohm resistor, or equiva-
lent. This resistor is only about one inch 
(2.5mm) long, and is attached to the cen-
ter of the rear vertical panel of the 70K-2 
oscillator enclosure with a very small a-
mount of cement. These resistors are de-
signed for flat-surface, chassis mounting 
to assure proper heat dissipation, so they 
are ideally suited for the job. 

The modification functions only in 
the receiver's off, inoperative mode. The 
resistor, R l , is wired across the power 
switch terminals on the receiver's con-
trol switch, S5, as shown in fig. 1 so 
that a few watts of energy are heatsunk 
to the PTO enclosure. Once the receiver 
is turned on, the switch, S5, automat-
ically shorts R1 and the PTO resumes its 
normal operating temperature. In the 
pre-heat mode, the receiver's S-meter 
will move slightly up from zero, and an 
almost imperceptible glow will be noted 
in the dial lamp. The power transformer 
will be absolutely cold. The PTO enclo-
sure should then remain at about the 
same temperature, whether or not the 
receiver is in operation. The mechanical 
configuration for the installation of R1 
is shown in fig. 2. 

There are two alternative procedures 
for mounting the resistor. First, clean 
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TB, GRN LEAO 

PIN 7. JI3 

f i g . 1 . T h e 1 0 0 0 - o h m pre-heating resistor, R1, 

is connected into the circuit of the Collins 
receiver only when it is turned off . 

the mating surfaces thoroughly with 
pure acetone or equivalent. Then spread 
a very thin f i lm of transistor thermal 
compound, such as Wakefield's 120, on 
the resistor, taking great care to fully 
avoid the two mounting ears. Place a 
very small amount of epoxy cement in 
the mounting holes and on the bottom 
of the ears of the resistor and set it in 
place with a wedge against transformer 

6 A U 6 

<2> 

d 
3) 

fig. 2 . Rear view of the 7 0 K - 2 
P T O in the Collins receiver, 
showing the mount ing of the Dale 25 -wat t , 
1 0 0 0 - o h m resistor used to stabilize the tem-
perature of the P T O . 

T3 until the epoxy cures. Hobby-type, 
five-minute epoxy works well. 

The second method is to coat the 
bottom of the resistor with a very thin 
layer of a thermally conductive adhe-
sive, such as Wakefield's 15M-A , and 
attach it to the PTO in the same manner. 

Wire the resistor according to good 
practice, using shrink tubing or equiva-
lent on its terminals, since it is directly 
involved with the 117-volt ac line. A 
miniature spst switch may be mounted 
on the power switch and wired in series 
with the resistor to inactivate it during 

N £ 250 

u. 
0; 200 
Q 
>-U 

I Q 111 
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ISO 

100 

v \ — PRE-HEATED 

NORMAL \ 

60 ~0 10 20 30 40 SO 

TIME AFTER TURN-ON (MINUTES) 

fig. 3. Warm-up dr i f t of the Collins S-line is 
reduced considerably when the P T O is pre-
heated by the added power resistor. This data 
taken at an ambient temperature of 2 0 ° C . 

extended standby periods or, alternative-
ly, the power cord may be unplugged. 

The frequency measurement data at 
14 MHz were taken on a H-P mode! 
5381A, a seven-digit frequency counter 
in combination with a precision external 
time base. This was used in conjunction 
with a Rec-Counter.1 The A f curves 
shown in fig. 3 reveal the relative im-
provement in my 75S3-B; a worthwhile 
four-to-one warm-up drif t reduction, in 
the first hour, for chasing DX on cold 
winter mornings. 

reference 
1. K. Macleish, "The Rec-Counter," QST, 
May,1971,page 11. 

ham radio 

june 1975 0 3 47 



techniques 
ed noil, W3FQJ 

experiments and 
projects — cosmos 
In the months ahead this column wi l l be 
devo ted primari ly to two subjects: 
power generation using solar energy and 
wind, and new solid-state technology. 
My plans for generating electrical power 
w i th solar energy and w ind have been 
previously discussed in this column. A 
2 0 0 - w a t t wind generator has been 
ordered, and by the t ime you are read-
ing this I hope to have the system in 
operation. The amateur station and 
workshop at W3FQJ wi l l be powered 
completely by solar and w ind energies. 

The second major subject, solid state, 
wi l l include discussions of bipolar, fet, 
mosfet, integrated-circuit and cos/mos 
technologies. Electronics, more than 
many other industries, has always been 
interested in the conservation of elec-

trical energy. Solid-state devices are a 
revealing example. Their low operating 
voltages and lack of current-demanding 
f i l a m e n t s and high-vol tage power 
supplies make them ideal for powering 
w i th the non-polluting sun and wind. 
Radio amateurs are to be commended 
for their leadership in these endeavors. 
In fact, their enthusiasm for QRP opera-
t ion and the use of min imum power in 
the sustaining of any QSO are exem-
plary. 

Many amateurs would like to take 
these devices on mental ly, but have pro-
crastinated or take l i t t le pleasure f r om 
learning the theory of a device wi thout 
doing some practical experimentation. 
While it is true that many amateurs have 
bui l t complex solid-state devices fol low-
ing detailed construction informat ion 
supp l ied wi th kits or in magazine 
articles, what happens wi th in the device 
and circuit is of ten vague. There are a 
good number of amateurs who, as yet, 
have not buil t their first solid-state 
stage. Perhaps this column wi l l be able 
to lead you to a better understanding of 
device funct ion and circuit. 

The plan is to combine individual 
projects w i th experimental steps (which 
I call expros). First you wi l l experiment 
wi th the device, learning about its in-
nards and external operating character-
istics. Then you wi l l bui ld a project 
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using the one or several of the devices. 
Expro 1 wi l l be the jfet and wil l con-
clude with the construction of a two-
stage QRP transmitter. Most exproswil l 
be built on perf boards which, if 
desired, can be used over and over again. 

cosmos logic 

In previous columns there have been 
basic presentations on the fabrication 
and general operation of most solid-
state devices. One which was overlooked 
was the cosmos. Fundamentally, the 
cosmos device incorporates enhance-
ment-mode mosfets into integrated cir-
cuits. Uniformity, balance, stability, 
versatility, reliability and compact size 
are the reward of IC fabrication. The 
special star of the cosmos device is its 
conservation of power. 

The enhancement mode of mosfet 
operation, integrated fabrication and 
c o m p l e m e n t a r y symmetry circuitry 
combine to form the increasingly popu-
lar RCA series of cosmos integrated 
circuits. These devices require very litt le 
power (standby power measured in 
microwatts), operate over a wide supply 
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fig. 1. Two enhancement-made mosfets in 
complementary symmetry. 

voltage range (less than 2 to more than 
15 volts), a wide temperature range and 
have the h igh i n p u t impedance 
characteristic of all mosfet devices. Cos-
mos devices are ideally suited to logical, 

digital and switching, as well as linear 
applications. Typical package dissipa-
t ion is 200 milliwatts. 

What is complementary symmetry? 
It is the basic circuit that makes cosmos 
tick and be so conservative in power 
demand. It is the jewel of the modern 
watch. 

? HIGH i m 

i02 
*LOW 

VQ2 
>HIGH I 
r»2 V0-VM 

i i 
POSITIVE SATE ZERO (SATE 

fig. 2. Equivalent operation of a comple-
mentary-symmetry pair (see text) . 

Field-effect transistors come in two 
forms, n-channel and p-channel. One 
type is the complement of the other. 
The channel charges move in opposite 
directions. When two such devices are 
connected in parallel, fig. 1, unusual 
operating conditions arise. The top tran-
sistor is a p-channel enhancement-mode 
mosfet; the bottom transistor, an n-
channel type. A positive voltage applied 
to the parallel gates causes the n-channel 
device to conduct. The p-channel unit 
remains off . 

What is the output of the comple-
mentary symmetry stage? Assume that 
the gate voltage is made positive by the 
amount of the supply voltage V D D (6 
volts). The lower transistor, Q2, con-
ducts, presenting a low-resistance path 
(perhaps one to several thousand ohms) 
between the drain and common. The 
top transistor, Q1, is cutoff. The resis-
tance of its path is in the thousands of 
millions of ohms. Under this condition 
what is the output voltage, assuming 
that the load placed on the output is the 
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gate circuit of a second high-impedance 
enhancement-mode mosfet? 

As shown in the equivalent circuit, 
fig. 2, a two-resistor voltage divider is 
set up. Inasmuch as the top resistance is 
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fig. 3. Basic construction of a mos inte-
grated circuit. 

very high in comparison to the lower 
one, there is practically no voltage drop 
across the lower one and the output is 
in effect zero volts (ground or common 
potent ia l ) . Furthermore, very little 
current is drawn from the supply line 
because of the extremely high resistance 
of the series combination of R1 and R2. 

If the gate voltage is zero (common 
potential), transistor Q1 conducts while 
a cutoff bias is applied to transistor Q2. 
Why does transistorQI conduct with zero 
voltage applied to the gate? Note that 
its source is at positive potential so the 
gate of the p-channel device is negative 
in comparison to the source; therefore, it 
conducts. In fig. 2B the upper transistor 
presents an approximate 1000-ohm path 
between V D D and output, while the 
path between the output and common 
is in the millions of ohms. 

Now the high value resistance is in 
the path between output and common; 

the low value between the supply volt-
age and output. Consequently the out-
put voltage is positive and essentially 
the same value as V D D . Again the sum-
mation of the two resistances is ex-
tremely high and there is little current 
demand made from the supply source. 

In summary, swinging the gate volt-
age between the supply voltage value 
and zero causes the output to change 
between zero and the supply voltage 
value. This is an ideal situation for 
digital and switching applications. 

It should be noted that in both cases 
the resistance of the path between 
supply voltage V D D and common 
(assuming no low-resistance load is 
placed on the output) is in the millions 
of ohms. Therefore, for both steady-
state conditions, the resting power de-
mand is exceedingly low. This is great 
for logic circuits. Logical zero and 
logical 1 states make the same low 
power demand on the supply. 

In fact, the only time that any signi-
ficant power is drawn occurs when the 
gate voltage is in transition between the 
two steady states. Furthermore, the 
higher the speed of the transition (rate 
of rise and fall of the leading edges), the 
lower the power demand made on the 
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fig. 4. Fabrication plan of R C A cosmos devices. 

supply. This is to state that the power 
demand will be less when an incoming 
signal is a steep-sided pulse or square 
wave; more if the incoming signal is a 
sine wave. 
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The complementary symmetry cir-
cuit is basic to the cosmos device. Why 
the need for integration? In practice it is 
difficult to obtain exact symmetry be-
tween n- and p-channels. The greatest 
advantage of the complementary 
symmetry connection can be made 
when it is applied to integrated-circuit 
technology. In the single monolithic chip, 
uniform and balanced channels can be 
processed using the diffusion procedure. 

A basic R C A cosmos device begins 
with a silicon substrate and silicon di-
oxide islands that have been deposited 
on its top surface using heat deposition 
and photolithographic procedures, fig. 
3. Diffusion steps are then used to form 
the various elements and isolating bar-
riers. When using the n-type substrate it 
is necessary to first diffuse a p-type well 
in that substrate to serve as the base 
needed in the formation of the n-
channel transistor. The basic makeup of 
the two-transistor complementary de-
vices is shown in fig. 3C. On the left, in 
its well, is the n-channel unit. On the 
right, diffused directly into the sub-
strate, is the p-channel unit of the com-
plementary pair. 

The complete R C A package arrange-
ment is shown in fig. 4. In addition to 
the complementary stages there are 
guard bands which surround and protect 
the separate mos devices, well, diodes, 
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fig. 5. Protective input diodes. 

etcetera. They provide isolation and pre-
vent leakage. Guard bands also provide 
conduction paths to the external supply 
voltages. 

Included as a part of the fabrication 

are protective diode systems. The input 
diode arrangement, fig. 5, protects the 
device from static charges and input 
voltage transients. This diode clamping 
keeps the device and extraneous volt-

fig. 6. R C A C D 4 0 0 7 A cosmos I C con-
sists of two complementary-symmetry 
stages plus an inverter. 

ages at safe levels. Nonetheless, the 
device must be handled carefully in 
accordance with the usual mosfet pre-
cautions. 

The complementary symmetry cir-
cuit, when connected as shown in fig. 1 
and included in the cosmos integrated 
circuit, is called an inverter. As men-
tioned, a positive voltage applied to its 
gate results in a decrease in the output 
voltage. A positive change at the input re-
sults in a negative change at the output. 

In terms of logic language, a logical 1 
input {+ voltage) causes a logical zero 
output. A logic inversion has taken 
place. Conversely, with the logical zero 
input, there is logical 1 output. 

Three complementary symmetry cir-
cuits are built into the R C A CD4007A 
cosmos integrated circuit, fig. 6. The 
first two configurations are referred to 
as complementary symmetry circuits. 
Note that separate drain terminals are 
brought out (pins 1, 5, 8 and 13). This 
provides versatility in interconnecting 
the two stages into various forms of 
complementary-symmetry-stages. The 
third stage is the basic inverter and its 
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circuit is identical to that of fig. 1. It 
differs only in that the two drains are 
connected together internally at pin 12. 

One complementary pair and the 
i n v e r t e r can be c o n n e c t e d i n t o a 
monostable multivibrator as shown in 
fig. 7. In a resting state the p-channel 
mosfet of the stage on the left is biased 
off; the n-channel on. As a result the C 
output is low and the inverter D output 
is high because the output of the first 
stage is connected to the gate of the 
second. 

When a negative pulse is applied by 
way of capacitor C1, the p-channel mos-
fet is turned on and the n-channel off. 
Capacitor C2 begins to charge to the 
supply voltage and this positive voltage 
on the gate of the inverter drives output 
D low. This happens very quickly aided 
by the feedback path between output D 
and the input of the n-channel section 
of the input pair, eventually shutting off 
the n-channel of the first stage. 

declining negative voltage on capacitor 
C1. However, the n-channel device of 
the first inverter also remains off until 
c a p a c i t o r C2 discharges sufficiently 
through resistor R2 toward common. 
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fig. 8. High-frequency crystal oscillator cir-
cuit is based on two stages of an R C A 
C D 4 0 0 7 A IC. 

a multivibrator. Operation of this circuit is 
described in the text. 

Capacitor C1 now begins to charge to 
the supply voltage, V D D , through resis-
tor R1. The p-channel mosfet remains 
on until the charge interval is such that 
the p-channel device is shut off by the 

When the turnover or threshold voltage 
of the p-channel transistor of the in-
verter is reached, the device is turned 
on. The output voltage at D then begins 
to rise and the n-channel device of the 
first stage is switched on, providing a 
low resistance discharge for capacitor 
C2. This causes the operation of the 
first stage to go from high to low and 
the cycle is completed. The multi-
vibrator then remains in its resting state 
until another negative pulse arrives at 
point A. 

The circuit of fig. 8 shows how a 
single complementary pair can be con-
nected as a high-frequency crystal oscil-
lator. The output is taken at the 
common drain circuit. The feedback 
arrangement is Pierce-like in the form of 
a lowpass crystal filter that is connected 
between the drain circuit and gate in-
put. The small trimmer capacitor per-
mits fine adjustment of the crystal oscil-
lator frequency. 

ham radio 
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comments 

Dear HR: 
While interest in speech processing is 

understandably high, I wonder why the 
same degree of interest is not shown for 
the CW mode. Perhaps as amateurs we 
are convinced we know all there is to 
know. A little research can, however, 
raise some interesting questions. Con-
sider the question of minimum band-
width requirements which are expressed 
by Shannon's formula in terms of bits 
per second per Hz of bandwidth as 

log2 (1 +s/n) 

where s/n is the signal-to-noise ratio. 
For 50-bit words and Morse code at 25 
wpm the bit rate is close to 20 bits per 
second. With an arbitrary signal-to-noise 
ratio of 15 the formula gives 4 bits per 
second per Hz, or 5-Hz bandwidth for 
this example. 

Unfortunately, we cannot achieve this 
signaling rate in practice, and for a two-
state amplitude-modulated signal such as 
CW the bandwidth requirements would 
be approximately three times the theo-
retical minimum (15 Hz in this case). 
Since bandpass audio filters with this 
degree of selectivity are easily built, 
why are filters of 100 and 150 Hz in 
common use, and filters of 50 Hz or less 
very unusual? 

One reason is that some CW opera-

tors rely almost exclusively on their 
personal selectivity built into their ears 
and brain. I believe there is a lot to learn 
in this area, but in my own particular 
case, the better the signal-to-noise ratio 
reaching my ears, the better I copy. 
The most c o m m o n reason f o r the 
r a r i t y of min imum-bandwidth filters 
is the phenomenon of filter ringing. I 
cannot recall seeing a single article on 
this aspect in the amateur magazines, 
and the purpose of this letter is to 
stimulate some correspondence on this 
subject. 

My own knowledge is inadequate, 
but it appears that fi lter ringing arises 
basically from two effects. First, the 
filter's group-delay characteristic, and 
second, the filter's transient response. 
From experience with active bandpass 
filters I believe that the delay character-
istic can be adjusted for minimum dis-
tort ion of the keyed audio envelope so 
bandwidths of about 50 Hz can then be 
used. The question of transient response 
remains, and at the moment I don't 

fig. 1. Variable-bandwidth, variable-frequency 
audio filter. With circuit values shown center 
frequency can be tuned from 300 Hz to 3 
KHz. {A 741 op amp would be somewhat 
better over this frequency range.) 
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have an answer, although I have hopes 
of minimizing this, too. 

In the commercial world of data 
transmission many signaling modes other 
than two-state a-m have been evalu-
ated. Generally they succeed in trading 
signaling rate for immunity to interfer-
ence. Some of these signaling modes 
may well have amateur applications. 
Also, the technique of coherent detec-
t ion seems promising. The question of 
spectrum shaping has been studied and 
optimum relationships between trans-
mitter and receiver filter characteristics 
have been established. Perhaps in our 
case we should pay more attention to 
the optimum design of key-click filters 
and receiver audio filters. 

For anyone who has not yet tried a 
variable-frequency, variable-bandwidth 
audio filter, I would recommend the 
circuit shown in fig. 1. Or, more simply, 
the IC package made by Kinetic Tech-
nology, Inc.* Their FX60 active band-
pass filter requires only one fixed and 
two variable external resistors and costs 
about $6.00. 

Ron Skelton, 6Y5SR 
Kingston, Jamaica 

memory keyer mods 
Dear HR: 

I found in my memory keyer that 
the 1101A random-access memories 
{used in place of the 25L01s) would 
play back a message erratically. This can 
be cured by placing a 1000 ohm, 
1/4-watt resistor from the data output 
(pin 12) of the 1101 to ground. Note 
that pin 12 of memory A is connected 
to pin 12 of memory B. The resistor can 
be soldered to the foil side of the PC 
board. Put insulating tubing on the resis-
tor leads to prevent the leads from 
shorting to the foil. 

A feature which will increase the 
versatility of the keyer when using it as 

•Kinetic Technology, Inc., 3393 De La Cruz 
Boulevard, Santa Clara, California 95051. 

a straight electronic key without a 
memory is to replace the memory select 
switch, S3, with a center-off spdt 
switch. Placing S3 in the center position 
wil l not allow either memory to send an 
output to the keying transistor. The 
keyer can then be used as a normal 
electronic key without worry that the 
memories will inadvertently trigger and 
send an output to the keying transistor. 

I would like to thank my friend Bob 
Thing, WA3WKJ, for the ideas pre-
sented here. 

Sam Guccione, W3GVP 
Camden, Delaware 

information needed to 
update RSGB history 
Dear HR: 

Many readers of ham radio are also 
members of the Radio Society of Great 
Britain, and are familiar with the book, 
World at Their Finger Tips. This book 
was written by the late John Clarricoats 
and covers the history of the society 
and the work of many of its members 
from 1913 to 1963. 

The RSGB has honored me with the 
task of writing a sequel to this book in 
order to bring the society's historical 
records up to date. During the past 
decade the RSGB and numerous mem-
bers have contributed to the tremen-
dous advance in all fields of radio 
communications throughout the world. 

In order for me to make a success of 
this book, and do the society justice, I 
must have information, therefore I 
appeal to RSGB members who read ham 
radio to send me details of their radio 
achievements during the past ten years. 
I would like to have this information as 
quickly as possible because there is a lot 
to do, and I hope to have the work 
completed within a couple of years. 

Ron Ham 
Faraday, Greyfriars 
Storrington, Sussex 
RH20 4HE England 
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fm equipment 
interface problems 

In trying to use two current pieces of 
fm equipment, a 10-watt transmitter 
(Regency HR-2) and a 100-watt ampli-
fier (Dycom), it was found that the two 
pieces would not work together. To be-
gin with, the transmitter is well designed 
and has excessive standing wave protec-
tion — a very good move, especially if 
the wrong antenna is inadvertently con-
nected, or left disconnected. This safety 
device will probably save replacement of 
expensive power transistors. 

The amplifier has an "automatic 
switching" feature, meaning that dc 
power is applied at all times, and as rf 
excitation is applied, the unit turns it-
self on. When the transmitter is turned 
on (microphone button pressed), rf ap-
pears across diode CR1 (see fig. 1), and 
a dc voltage appears at point A. The rf 
choke isolates the rf voltage at point A 
and conducts dc to the base of transis-
tor Q4, placing a positive bias on the 
base, and transistor Q4 turns on, picking 
up relays K1 and K2. Unfortunately, 
the moment K1 and K2 start to trans-
fer, the back contacts open, opening up 
the line from the transmitter, and the swr 
protection circuit in the exciter cuts in, 
shutting off the power. The relays then 
open, remaking the exciter output cir-

tebook 
cuit and terminating the line. The cycle 
then starts over (since the transmitter is 
still on). The relays just sit and vibrate 
like an old fashioned door bell — a re-
volting state of affairs. 

The fix is ridiculously easy. Just con-
nect a 500-/iF capacitor (12 volts or 
more) between the base of Q4 and 
ground. As diode CR1 conducts, the 
500-juF capacitor, C4, is charged and 
holds its charge long enough for the 
relays to pull completely in. Once the 
relays are picked up, the line from the 
transmitter is terminated by C2-C3-L1, 
usually with less than 1.2:1 vswr, partic-
ularly if adjusted carefully. 

Capacitor C1 series resonates with 
the interconnecting leads and relay ele-
ments to allow maximum receiver per-
formance and proper transmitter opera-
tion when the amplifier is not in use. 
Power may be switched from the 
100-watt amplifier to low power only 
by opening the circuit at the fuse. 

The changes suggested in these notes 
should make the use of the equipment 
much more satisfactory and enjoyable. 

Dave Chapman, W9DPY 

Heath SB102 
modifications 

I have two Heath SB102 transceivers 
and both have shown the same two dif-
ficulties, which appear to be generic: 
First, objectionable audio hum level. 
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FUSE 

fig. 1. Added 500-jUF capacitor allows automatically switching relays to be picked completely up 
before the swr protection circuit drops them out. 

and secondly, one resistor that runs hot-
ter than it should. As for the hum, an 
additional filter did not help, and short-
ing the arm of the volume control had 
no effect. As a part of the cable harness 
there is a shielded lead from the arm of 
the volume control to capacitor C308 
which couples the signal into the grid of 
V14A, the audio amplifier. Replacing 
this lead with a separate shielded lead 
eliminates the objectionable hum level. 

Resistor R955 is a 100k, 14-watt resis-
tor which avalanches down in value and 
burns up. Replacing it with a 1 or 2 watt, 
100k resistor clears up this problem. 

Lowell White, W2CNQ 

zener-diode noise 
Recently I was asked to convert 

some vhf preamplifiers and replace the 
original 417A tube with a low-noise 
transistor. This required the addition of 
a zener diode to provide the correct 
voltage for the transistor. The zener was 

originally mounted very close to the 
low-noise transistor and a noise genera-
tor was used to determine the noise 
figure. The results were nearly the same 
as when the original tube was in use. 
The zener was then mounted away from 
the transistor, near the power source. A 
noise figure measurement indicated a 
noise reduction of 2 dB. 

Vern Epp, VE7ABK 

short circuit 
The 67-pF ceramic capacitors used 

in the lowpass filter described in the 
March, 1975, issue of ham radio have all 
been sold. An alternate capacitor is the 
140-pF APC capacitor available for 50 
cents from CPO Surplus, Box 189, 
Braintree, Massachusetts 02184. Re-
move one plate for 136 pF, fully-
meshed capacitance. Since CPO Surplus 
has a handling charge of 50 cents on 
orders less than $3.00, the two capaci-
tors for the lowpass filter can be ob-
tained for $1.50, postpaid. 
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a second look (from page 4) 

table 1. Partial listing of power amplifier tubes 
in current use on the amateur bands. 

thoriated tungsten filament 
total 

tube num- filament/heater equipment 
type ber power (watts) manufacturer 
572B 2 51 Heathk i t 
811 4 100 Coll ins 3 0 L 1 
813 2 100 

833A 2 200 
3-4002 2 140 Henry 
3-500Z 2 140 Drake, Heath 

3-1000Z 1 157 BTI 
3 C X 1 0 0 0 A 7 1 152 
3 C V 1 5 0 0 A 7 1 152 

4-125A 2 65 
4-2 5 OA 2 140 
4 -400A 2 140 E. F .Johnson 
4 -500A 2 204 
4 -1000A 1 157 

4 C X 1 5 0 0 A 1 200 Henry 

inrfiroctlv hojifcH nviHfl rflthnHfl 

8072 1 17 CX-7A 
8122 2 35 Nat ional 
8873 2 40 Heath, Henry 
8874 2 or 3 40 or 60 ETO, Henry 
8877 1 50 ETO, Henry 

4CX1000A 1 57 Col l ins 30S1 
4 C X 1 5 0 0 B 1 60 

desirable. If the 6-dB differences pro-
posed in Docket 20282 are used, then 
one-quar ter and one-eighth, respec-
tively, of the above emitter wattages 
would coincide. 

If a filament power l imitat ion for 
each class of license were to be adopted, 
Quinn has suggested that no input or 
output power limitations be imposed 
upon the amateur service. The filament 
power l imitation would predetermine 
maximum operation conditions as the 
tube could only be driven up into plate 
current saturation. The individual opera-
tor could exercise his own initiative and 
technical abil i ty, using any tube which 
fell wi th in the authorized emitter power 
limits. This is the same sort of initiative 
which prompts some amateurs to build 
large antenna systems to enhance their 
signal strength, and adds to the competi-
tive spirit of the hobby and advances 
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fig. t. Approximate comparison of filament 
temperature and emission life vs average plate 
current (mA) per filament watt for thoriated-
tungsten power amplifier tubes. Note that if 
one or more maximum tube ratings are used 
simultaneously tube life is severely decreased. 

the technical achievements in amateur 
radio. 

The establishment of total emitter 
power for amateur linear amplifiers 
would automatically establish a maxi-
mum power, as shown in figs. 1 and 2. 
The dotted regions shown on these 
curves represent diode operating condi-
tions only. In actual practice, if a tube 
were operated in this area under rf con-
ditions, it would probably fail within a 
few hours due to either control or 
screen grid failure, excessive internal 
anode temperature, or oxide cathode 
evaporation, etc. In view of this, the 
estimated tube life shown would not be 
representative at the upper current lev-
els because the tube would probably fail 
catastrophically, rather than from loss 
of emission. 

There will, of course, be those opera-
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fig. 2. Approximate comparison of cathode 
temperature and emission life vs plate current 
(mA) per cathode watt for power amplifier 
tubes with indirectly-heated cathodes. Note 
that if one or more maximum tube ratings are 
used simultaneously tube life is severely de-
creased. 

tors who will obtain a few more watts 
and minimize short tube life by reduc-
ing filament power during standby, and 
increase filament power during rf drive 
conditions, or increase plate voltage, to 
maximize plate efficiencies. However, as 
the old saying goes, " You can't get 
something for nothing," and equipment 
and tube manufacturers can tell upon 
inspection if their product has been 
abused. One or two dB would not be 
worth the effort. 

Presently, it is very difficult, if not 
impossible, for the FCC to monitor and 
police amateur power limits. If the tech-
nique suggested by W6MZ were a-
dopted, and an amateur was found to be 
using a power amplifier which used 
tubes with manufacturer's filament/ 
heater ratings in excess of the maximum 
specified wattages, it would be a simple 
black or white infringement of the rules. 

Jim Fisk, W1DTY 
editor-in-chief 

NEW! NEW! NEW! 
HERE'S THE BEST FOR 

MOBILE OR MARINE VHF1 
MODEL SS -2 
LIFE — Bright stainless steel 

housing, s.s. whip, along 
with brass beat the 
effects of salt. 

PERFORMANCE — 150 w. 
Gain 6 dB over coax ant. 
3.7 dB over isotropic 
1.5 dB over dipole 
Requires no ground plane 

PHYSICAL DATA — 
1 Vi" x 4614". 8 oz. 
Alternate mounting. 

PRICE — $45.00 List 
Optional bracket $4.60 list 
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electronic keyer 
Data Signal recently introduced a 

new printed-circuit electronic keyer 
which is offered in two versions: one for 
TTL, the other for CMOS logic. The 
keyer is complete, including potentio-
meters, a large speaker and all mounting 
hardware. The user must supply an en-
closure, a keying paddle and a small 
5-volt power supply for the TTL version 
or a 9-volt transistor battery for the 
CMOS version. 

The keyer circuit includes fully auto-
matic, self-completing dots, dashes and 
spaces. Each dot and dash is provided 
with its own jam-proof space, eliminat-
ing any chance of jamming dots and 
dashes together. At the instant the pad-
dle is closed, the start-stop oscillator 
starts sending the code element. Key 
closures extending to the end of the 
dot-dash space are allowed with assur-
ance of no additional dot or dash. This 
wide keying tolerance makes this keyer 
extremely easy to use, for beginners and 
old timers alike. A variable weight ratio 
control is provided to allow the opera-
tor to adjust the dot-dash to space ratio 
of each character. The built-in audio 
system includes a full-range audio oscil-
lator, volume control, tone control and 

speaker. Keying speed is adjustable from 
5 to 50 wpm. 

These keyers eliminate the number-
one source of keyer failure — the output 
keying relay. The reed relays used in 
many electronic keyers are subject to 
pitting, sticking and breakage. In the 
Data Signal unit output keying is ac-
complished with specially selected high 
voltage, high current transistors. These 
heavy-duty transistors require a small 
amount of current for operation and are 
designed to handle the two most often 
used keying systems — grid block keying 
and solid-state transmitters. 

The two versions of the keyer, TTL 
and CMOS, allow the user to select the 
keyer best suited to his own require-
ments. The TTL version is ideally suited 
for home stations where a common 
5-volt supply is available, while the 
CMOS version requires very low current 
and is just right for QRP or portable 
operation. 

The TTL version of the electronic 
keyer, model TTL/PCK-1, is priced at 
$19.95 wired ($14.95 kit); the CMOS 
version, model CMOS/PCK-1, is $24.95 
wired ($19.95 kit). For more informa-
tion, write to Data Signal, Inc., 2212 
Palmyra Road, Albany, Georgia 31701, 
or use check-off on page 94. 

500 MHz 
frequency counter 

The new UHF 500B frequency coun-
ter from Levy Associates features labo-
ratory accuracy in a portable instrument 
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N E W BIPOLAR MULTIMETER: 
AUTOMATIC POLARITY INDICATION 

Model ES 210K 
Or,plays Olims, Volts or Amps in 5 ranges • Voltage 
from 100 Microvolts io 500 V * Resistance if cm 100 
Milt iohms to 1 Megohm • Current I torn 100 Nairn 
Amps to 1 Amp 582 00 Case extra S12 50 

(Optional ptoi iel S5.00 

at an inexpensive price. This counter, 
which uses the latest state-of-the-art ad-
vances, provides all of the features of 
instruments costing three times as 
much: built-in nicad battery with charg-
er for easy portability, 7-digit display, 
high sensitivity, high-stability tempera-
ture-compensated crystal oscillator, and 
response to at least 500 MHz (575 MHz 
typical). The bright LED displays and 
polarizing filter make reading easy in 
high ambient light conditions. Adjust-
able display storage provides for mini-
mum transmitter on time. 

The sensitivity of the new UHF 
500B frequency counter is 35 mV or 
less to 50 MHz; less than 150 mV from 
50 to 500 MHz. With the uhf preamp 
option ($85) the sensitivity is 30 mV or 
less to 500 MHz. Other options include 
1000 MHz capability ($195), high-
stability time base with ±0.0001% accu-
racy from zero to 40°C ($50), and green 
or yellow displays [red is standard] 
($15). The standard UHF 500B is priced 
at $525. For more information, use 
check-off on page 94 or write to Levy 
Associates, Post Office Box 961, Tem-
ple City, California 91780. 

specialized 
communications 
techniques 
for the radio amateur 

This new book from the ARRL was 
written by those experienced in each of 
the fields which it covers. The seven 
chapters provide practical details on 
communications techniques, amateur 
television, slow-scan television, fac-
simile, RTTV, space communications 
and advanced techniques. 

The chapter on amateur television 
contains circuit details and applications 
information for television cameras, 
transmitters and receiving techniques. 
The section devoted to facsimile in-

40 MHz DIGITAL FREQUENCY COUNTER: 
• Wi l l no l be damaged by high power transmission levels. 
• Simple, 1 cable connection lo transmitter's output . 

ES 220K - Line frequency t ime base. 
1 K H * resolution . . . 5 digit: $79.50. Case extra: $10.00 

ES 2 2 I K - Crystal t ime base. 
100 Hz resolution , 6 digit: $109.50, Case extra: S10.00 

DIGITAL CLOCK: 

ES 112K/124K • 12 hour or 24 hour clock: S46.95. 
Case extra: • Metal $7.50 

CRYSTAL TIME BASE: 
ES 201K - Opt. addi t ion to ES 112K, 124K or 500K 

Mounts on boBrd. Accurate to .002% S25.00 

I.D. REMINDER: 
ES 2 0 0 K - Reminds operator that 9 minutes and 45seconds 

have passed. Mounts on ES 112 or 124 board. Silent LEO 
flash: S10.95. Optional audio alarm $4 extra. 

Dependable solid stale components and circuitry, tasy reading, 
7 segment display tubes with clear, bright numerals. These products 
operate from 117 VAC, 60 eyelet. No moving parts. Quiet, trouble free 
printed circuit. 
Each kit contains complete parts list with all parts, schematic illustrations 
aid easy to follow, step by step instructions. No special tools required. 

ORDER YOURS TODAY: 
Use your Maslercharge or 
Bankamericard 
Money Back Guarantee 

5 0 5 ' j C e n t l n e l a • I n g l e w o o d . Ca . 90302 • (213) 674-3021 

More Details? C H E C K - O F F Page 9 4 june 1975 SB 65 



N E W * * 5 S i l i i 
KEYBOARD and 
ENCODER KIT 

t j n y y r j j n r j j H H M L 

m. 

* 53 Keys 
* One Chip MOS Encoder 
* Upper and Lower Case 
* Standard ASCII Output 
* Two Key Lockout 

We are happy to announce a new add i t ion to 
our keyboard and encoder line. Our new K B D -
3 uses a one chip M O S encoder sys tem to give 
you m a x i m u m possible features w i th a min i -
m u m number of parts. 

This keyboard produces a standard A S C I I 
coded output that is compat ib le wi th T T L , 
D T L , R T L and M O S logic systems. Y o u have 
the op t ion of wir ing the kit for normal type-
writer style output in both upper and lower 
case letter, or all upper case format. A l l c o m -
mon machine control c o m m a n d s such as " l i ne 
feed" , " r e t u r n " , " c o n t r o l " , etc. are provided 
on the keyboard . Fou r uncommi t ted or extra 
keys are available for your specific use re-
quirements. T w o of these have isolated output 
lines to the connector for special funct ions 
such as "here i s " . 

Keyswitches are standard, full travel style 
v/ith gold plated contacts for long troublefree 
service. Requires +5 Vo l t s and -12 Vo l t s . 

KBD-3 Keyboard and Encoder Kit $49.50 ppd 

SOUTHWEST TECHNICAL 

PRODUCTS CORP. 

219 W. Rhapsody Dept. HR 

San Antonio, Texas 78216 

eludes conversion of Telefax trans-
ceivers and reception of weather-
satellite pictures. Radioteletype is thor-
oughly covered with sections on equip-
ment and hardware, AF SK , RTTY 
measurements, and much more. Moon-
bounce (EME), satellites, laser funda-
mentals and communications and digital 
communications are covered in the 
chapter on space communications and 
advanced techniques. Softbound, 208 
pages, $3.00 from Ham Radio Books, 
Greenville, New Hampshire 03048. 

gutter clamp 
mobile antenna 

Answering the need for quickon, 
quick-off mobile antenna mount is the 
Larsen Gutter Clamp Antenna Mount 
that goes on or off the vehicle faster 
than you can tell about it. Styles of the 
clamp are available to fit all popular 
makes of antennas. Complete mounts 
and antennas of both the quarter-wave 
type and gain antennas for low, high 
and vhf bands, complete with the 
clamp, are available. 

F i n i s h e d in weather-resistant 
irridium, the Larsen Gutter Clamp fea-
tures a high-tension spring that clamps 
the unit to any make of vehicle. A 
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Zulu 10... precise 
GMT plus 10-minute 
identification alarm. 

special rubber bumper prevents marring 
the car's finish. Provision is also made to 
assure a proper ground plane for maxi-
mum radiation efficiency of the an-
tenna. The Larsen Gutter Clamp Mount 
comes complete with ten feet (3m) of 
coax and plug already installed. 

For more details regarding the Larsen 
Gutter Clamp Mobile Antenna Mount 
write to Larsen Antennas, Post Office 
Box 1696, Vancouver, Washington 
98663, or use check-off on page 94. 

linear ic handbook 
A new Linear Integrated Circuits 

handbook is now available free of 
charge from National Semiconductor 
Corp. The handbook gives complete de-
scriptions and specifications of 280 lin-
ear IC devices that are useful in building 
nearly all types of electronic systems, 
ranging f r o m communications and 
consumer-oriented circuits to precision 
instrumentation and computer designs. 
It covers product-line categories that 
include voltage regulators, operational 
amplifiers, voltage comparators and buf-
fers, functional blocks (timer circuits), 
ICs for consumer products, transistor 
and diode arrays, and analog switches. 

Most of the product descriptions are 
accompanied by application advice, and 
the text is supported by graphs, charts 
and diagrams. Selection guides are pro-
vided for operational amplifiers, fixed-
voltage regulators, variable-voltage regu-
lators, and voltage comparators. Cross 
reference guides are provided for fet-
input op amps and the linear products 
of Texas Instruments, Motorola, Signe-
tics and Fairchild. 

For a free copy of the Linear Inte-
grated Circuits handbook, send a post-
card to the Marketing Services Depart-
ment, National Semiconductor Corp., 
2900 Semiconductor Drive, Santa Clara 
California 95051, or use check-off on 
page 94. 

From Corvus, a unique 100% solid-state 
digital clock packed with features any ham 
radio operator will appreciate. 

Built around a single MOS integrated cir-
cuit, Zulu 10 provides 24-hour GMT with 
to-the-second accuracy. The special alarm 
alerts you every 10 minutes with a soft, 
pleasant signal to help you meet station 
identification requirements. And it's reset 
with a single "flick of the wrist" motion of 
the clock. 

Feature-packed, trouble-free operation. 
• Bright LED display for hou rs and minutes. 

Seconds are indicated by a pulsing lamp 
• Automatic display dimming for easy view-
ing • Attractive, compact silver case • 
Pushbutton controls neatly tucked in base 
• 60 HZ AC operation • Full year written 
warranty 

Designed and engineered for the ham 
radio operator by Corvus Corporation, 
Dallas-based subsidiary of Mostek Cor-
poration, an industry leader in MOS inte-
grated circuit technology. 

Order yours today. 

comAis 
13030 Branch View Lane. Dallas, Texas 75234 

Please send me Zulu 10(S) at $39.95 each, plus $2.65 
for postage and handling (add local and state tax where 
applicable). I've enclosed Q check Q money order. 

Name 

Address. 

City .Stale Zip 
Money back guarantee. If you are not totally satisfied with 
your Zulu 10, send It back to us within 10 days and your 
money will be relunded. HR 
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a second look fisk 

In our modern day world of solid-state 
electronic gadgets and centralized urban 
living, it's the rare amateur who hasn't 
been troubled at one time or another by 
interference complaints. As often as not 
the interference is being generated by 
some other source, but if you have a 
tower in your backyard, you're a likely 
suspect and the first one to whom they 
turn when the local taxicabs (or what-
ever) come booming through their quad-
raphonic stereo systems. 

As 1 pointed out in this column last 
year, the problem can be effectively 
cured only by proper design and con-
struction at the manufacturing level. The 
home-entertainment business is highly 
competitive, however, and with today's 
staggering economy the manufacturers 
are reluctant to add filtering and lead 
bypassing that would increase the price 
tags on their equipment. Until recently, 
in fact, they contended that only 1% of 
home entertainment equipment oper-
ates in an rf environment which necessi-
tates special attention. However, with 
the proliferation of two-way radio sys-
tems, as well as higher power a-m and 
fm broadcasting stations and high-speed 
digital systems which can cause interfer-
ence, I doubt that many consumers 
would agree. 

The answer to this problem may now 
be in sight. On May 15th, Rep. Charles 
A. Vanik of Ohio introduced a Bill to 
the House of Representatives which, if 
it becomes law, will give the FCC the 
right to regulate the manufacture of 
electronic home-entertainment devices 
to reduce their susceptibility to interfer-
ence from nearby radio transmitters. 

*The H o n o r a b l e Torbert H. Macdonald, 
C h a i r m a n , Subcommittee on Communica-
tions, Room R331, Rayburn House Office 
B u i l d i n g , U.S. House of Representatives, 
Washington, D.C. 20515. 

That Bill, H.R. 7052, has been referred 
to the Committee on Interstate and For-
eign Commerce, and specifically to the 
Subcommittee on Communications. The 
Bill must receive a hearing there before 
it can be sent to the House for action. If 
the Bill is to receive a hearing, however, 
the Congress must be made aware of our 
support for such legislation - support 
which you can demonstrate by writing 
to the Chairman of the Subcommittee 
on Communications, The Honorable 
Torbert H. Macdonald.* 

The letters do not have to be long, al-
though background information on 
your (or your neighbors') R F I problems 
could be important. Even a note to the 
effect that you support H.R. 7052 and 
respectfuf(y request an early hearing 
would be a valuable contribution. It 
would also be a good idea to send a 
short letter to your own Congressman, 
indicating your desire that he support 
H.R. 7052. Remember that previously 
introduced RF I legislation never made it 
through Congress - don't let that hap-
pen this time. 

Consumers are becoming increasingly 
aware of the RF I problem, so the time 
is right for legislation such as that pro-
posed by Rep. Vanick. Amateurs have 
known for a long time that the majority 
of RF| problems are not due to inter-
ference per se, but are due to the inter-
ception of signals by devices which were 
not designed to operate in today's rf en-
vironment. The only way to eliminate 
90% of the R F I problems is through leg-
islation such as H.R. 7052 which could 
eventually require the manufacturers to 
correct those design deficiencies which 
lead to unnecessary interference. 

Now is the time to lend your support 
to this vital effort. Write today, and 
make your voice heard. 

Jim Fisk, W1DTY 
editor-in-chief 
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FIRST WORKING GROUP MEETING in preparation for the 1979 World Administrative 

Radio Conference (WARC) went very well with nine "Task Forces" now set up and 
operating: ITU Rules and Regulations and Technical Criteria (W3FU), Military 
Liaison (W4FZ), Liaison with Other Services (W4ZC), Basis and Purpose (W6APW), 
0-4 MHz Spectrum (W2QD), 4-27 MHz Spectrum (W30KN), 27-1296 Spectrum (KH6IJ), and 
1296 and Up Spectrum (Task Force Chairman shown in parenthesis). 

Task Force Rosters were made up from those present, with additional membership 
still solicited from anyone willing and able to contribute time and expertise to 
this important effort. Contact Task Force leaders of the groups to which you wish 
to contribute. Task Force meetings will be held during the next few months, and 
a second meeting of the entire Working Group has been scheduled during the ARRL 
National Convention in Reston, Virginia in September. 

Proposed New HF Amateur Bands got some encouragement during the general dis-
cussion, as preliminary views were expressed that the fixed services will likely 
be giving up enough frequencies in the HF range to accommodate the increased de-
sires of international broadcasters plus at least some of the proposed new ham 
bands. However, the problem may very well not be finding the frequencies, but be 
one of marshalling sufficient support for the amateur service among the many new 
ITU members! 

"DUAL LADDER" WAS REJECTED as ARRL Directors met to prepare League response to 
FCC's amateur restructuring docket. In a lengthy meeting in which the membership 
poll played a prominent part, the League leadership also came out against the loss 
of privileges proposed in Docket 20282 and recommended that present Conditionals 
and Technicians be permitted to renew their licenses indefinitely without re-
examination. Although they supported the Communicator (they prefer "Basic" Ama-
teur) class, they would include CW "recognition" in its requirements. 

Member Survey Results, broken down in several ways, had been provided to the 
Directors for study well before the meeting. Of the approximately 56000 ARRL 
members who participated in the poll, about 20% also provided their Directors 
with written comments and few expressed any enthusiasm for either the dual ladder 
or loss of privileges. 

AMATEUR DOCKETS starting to move at the FCC. Repeater Linking (Docket 20073) 
is reported on its way to the Commissioner's agenda, and Repeater Crossbanding 
(Docket 20113) is not far behind it. Action on Extra Class requesting specific 
callsigns (Docket 20092) is also expected soon. 

Still Pending are RACES (19723), HIRAN (20147) and Repeater Automatic Control 
(20112). At least one new docket — "exotic emissions" — is in preparation. 

Docket Moving Unlicensed Hand-Helds from 27 MHz to just below six meters may 
be decided soon. Docket 20119 proposed putting the under-100 mW portables on 
discrete channels that alternate with already assigned MARS channels in the same 
range and as yet MARS authorities seem to have raised no objection. 

FCC's Amateur and Citizens Division has been looking out for amateur interests, 
however — they've urged that superregen receivers be prohibited because of their 
potential interference to amateur operations on the low end of the 50-MHz band. 

HAM RADIO, QST CHANGING FORMAT to 8%xll-inch page size effective with January, 
1976 issues. Much justification for the change is economic — most periodicals, 
including practically all In the electronic field except for amateur radio, are 
in the larger format so printing, paper, handling, and the like should all be 
less expensive. Hopefully, the savings from these changes can delay future sub-
scription rate increases. 

OSCAR 7 is still suffering from occasional unexplained mode jumping. Any OSCAR 
user observing such a switch when it actually occurs should note the exact time 
and date and report them to AMSAT. Non-amateur satellites have had similar prob-
lems and AMSAT is attempting to correlate OSCAR 7's problem with theirs. 

Russian Participation in OSCAR programs being discussed — two Russians, one 
a ham, spent two days with AMSAT representatives recently reviewing possible 
cooperative activities. 
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Diode balanced mixers have received 
considerable attention as bilateral mix-
ers for transceive converter applications. 
In a previous article,1 I outlined a trans-
ceive converter for 1296-MHz ssb in-
cluding construction details for two 
s u i t a b l e homebrew single balanced-
mixers . Recent price breakthroughs 
have now brought within the reach of 
the serious experimenter several com-
mercial double-balanced mixers which 
are adaptable for transmit, receive and 
transceive conversion well into the micro-
wave region. This article describes the use 
of such mixers in the 23 cm band. 

mixer modules 

Since a number of manufacturers 
offer flatpack double-balanced mixers 
with identical lead arrangements, a cir-
cuit board can be designed which will 
accommodate a variety of mixer mod-
ules. These mixers, some of which are 
listed in table 1, vary primarily in con-
version loss and power handling capabil-
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ity. All of the mixers listed here will 
withstand the injection levels used in 
the 1296-MHz ssb transceive converter 
(i.e., 40 mW of local-oscillator injection 
and 12 mW PEP of applied i-f power in 
the transmit mode). 

functionally equivalent to a popular de-
sign which many amateurs have built for 
lower f r equency applications.2 In 
theory, all that is necessary to use the 
mixers is to mount the flatpack device on 
a circuit board containing connectors 

table 1. Partial listing of flatpack double-balanced mixers suitable for use on the 
1296-MHz band. Conversion loss shown is worst cast for the specified frequency 
range; it may be less at spot frequencies within the overall range. Mixers are listed in 
order of ascending single-quantity price. Manufacturer's addresses are listed below. 

frequency conversion approximate 
manufacturer model range loss price 

Olek t ron Corpora t ion FP-CDB-145 0.5-1350 MHz 9.0 dB $29 
Merr lmac industr ies DMF-2A-750 50-1500 MHz 9.0 dB $40 
Var i -L Company DBM-158 500-1500 MHz 7.5 dB $50 
Lorch Electronics FC-200ZF15 10-1500 MHz 8.5 dB $59 
Watkins-Johnson M 4 A 10-1500 MHz 8.5 dB $60 
Arizac Electronics MD-614 600-2000 MHz 7.5 dB $75 

Anzac Electronics, 39 Green Street, Waltham, Massachusetts 02154 
Lo rch Electronics, 105 Cedar Lane, Englewood, New Jersey 07631 
Merr imac Industries, 41 Fai r f ie ld Place, W. Caldwel l , New Jersey 07006 
O lek t ron Corp. , 6 Chase Avenue, Dudley, Massachusetts 01570 
Var i -L Company, 3883 Monaco Parkway, Denver, Colorado 80207 
Watkins-Johnson Company, 3333 Hi l lv iew Avenue, Palo A l t o , Cal i fornia 94304 

The commercial flatpack double-
balanced mixers all contain a ring of 
four hot-carrier diodes, typically in a 
beam-lead pill package, along with two 
wideband balun transformers. They are 
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fig. t . Physical dimensions and pin layout of 
typicalflatpackdouble-balanced mixer module. 

(to each of the three ports) and provide 
a good ground path for those terminals 
which must be grounded. Other features 
can be added to the circuit board to 
enhance its performance in a particular 
application. 

The circuit board presented in this 
article is designed to permit transceive 
conversion to the 23 cm band while 
providing image filtering at the rf port, 
spurious response filtering at the local-
oscillator port, and resonating the i-f 
port to 28 MHz.* Provisions are also 
made for monitoring mixer current in 
the dc return to the i-f port. 

The prototype of this assembly uses 
an Olektron model FP-CDB-145 flatpack 
mixer. Its physical configuration (which 
is typical of all the flatpack mixer mod-
ules) is shown in fig. 1. The Olektron 
device is the least expensive of the 

*Other intermediate frequencies may be used 
by suitable modification of components L5, 
L6 and C7 in fig. 2. 
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mixers listed in table 1, and offers elec-
trical characteristics which are com-
pletely satisfactory for the 1296-MHz 
transceive application (see table 2). 
Should lower conversion loss be re-
quired, you may wish to substitute one of 
the more expensive mixers listed in 
table 1. However, as you might expect, 
each 1 dB of improvement in conversion 

with connectors, this filtering is readily 
incorporated on the circuit board on 
which the mixer is mounted. In fig. 2, 
components L1 through L6 and C1 
through C7 serve this purpose. 

As was mentioned previously, it is 
possible to use any of the flatpack 
mixers simply by mounting them on a 
board containing the appropriate con-

To bend the leads on the delicate double-balanced mixer package, first grasp the pins with 
long-nose pliers very close to the package and bend the lead downward at 90 degrees ( left ) . Then 
grasp the lead at the bend and form the lead straight out from the package (center). The desired 
lead c o n f i g u r a t i o n is s h o w n o n t h e r ight . 

loss is offset by a corresponding 1 dB 
increase in cost. 

bandwidth considerations 
When applying any of the readily 

available commercial mixers to narrow-
band service, you should be aware of 
their inherently broad frequency re-
sponse. The Olektron unit, for example, 
is designed for operation from 500 kHz 
to 1350 MHz. The very bandwidth 
which is so beneficial in many applica-
tions may well prove a detriment here as 
an absence of selectivity at the rf and 
local-oscillator ports invites out-of-band 
spurious responses. My homebrew mixer 
designs have incorporated frequency-
selective circuitry at the various ports. 
To alleviate interference problems re-
lated to unnecessary bandwidth, such 
filtering should be added externally to 
any of the commercial mixers. Unless 
the mixer module is already provided 

nectors for interfacing to the three 
ports. Upon attempting this simplistic 
approach in a 1296-MHz transceive con-
verter, however, I found myself with 
more birdies than the Audubon Society, 
and enough image to run for office. 
Only upon incorporating the filtering 
provisions of fig. 2 did the melange of 
signals emanating from the mixer be-
come manageable. 

diode current monitoring 
Often it is desirable to monitor mixer 

diode current during converter opera-
tion. This is especially useful while tun-
ing local-oscillator chains, or for deter-
mining the adequacy of the i-f injection 
applied in the transmit mode. Unfortu-
nately, most commercial mixers make 
no direct provision for monitoring diode 
current. Again, this feature may be add-
ed to the board on which the mixer is 
mounted. 
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f i g . 2. Funct ional sche-
matic of a double-balanced 
mixer circuit for use on 
1296 MHz. Printed-circuit 
layout for this circuit is 
shown in fig. 3. 

TEST POINT 

C1-C4 1 -5 p F ceramic p i s ton t r i m m e r 
( T r i k o 2 0 1 - 0 1 M or equ iva len t ) 

C5,C6 0.5 p F ch ip capac i to r ( A T C - 1 0 0 or 
equ iva len t ) 

C7 10-40 p F ceramic t r i m m e r 

C8 2 5 - o h m quar te r -wave teng th open-
c i r c u i t e d m i c r o s t r i p l i n e , 0 . 3 " 
( 7 . 5 m m ) w i d e , 1 . 1 4 " ( 2 9 m m ) long 

C9 1 0 0 0 p F f e e d t h r o u g h capac i to r 
C10 1000 p F s t ando f f capac i to r 

D B M d o u b l e - b a l a n c e d m ixe r m o d u l e 
( O t e k t r o n FP-CDB-145 or s im i la r , 
see tab le 1) 

L 1 - L 4 4 4 - o h m 0.1 wave leng th shor ted 
m i c r o s t r i p l i n e , 0 . 1 2 5 " ( 3 m m ) w ide , 
0 . 5 " ( 1 3 m m ) long, t a p p e d 0 . 2 " 
( 5 m m ) f r o m g r o u n d e d end 

L 5 1.2 JLiH. 19 t u rns no . 22 A W G on 
A m i d o n T 5 0 - 1 0 t o r o i d core, t a p p e d 
5 t u rns f r o m co ld end 

L 6 5 t u rns no. 22 A W G on same core 
as L 6 

R F C 1 5 0 - o h m m i c r o s t r i p l i n e , 0 . 1 " 
( 2 . 5 m m ) w i d e , 1 . 2 0 " ( 3 0 . 5 m m ) 
long 

R F C 2 22 jUH m o l d e d i n d u c t o r 

The circuit of fig. 2 incorporates a 
current monitor ing provision. Point A is 
normally connected directly to ground. 
If the ground is omitted, rectif ication 
by the diode quad results in a dc com-
ponent; relative current may be moni-
tored by measuring the voltage drop 
w i th a sensitive vtvrri connected be-
tween point A and ground. Addi t ional ly , 
proper operation of the mixer requires 
point A to be at rf ground. Therefore, 
effective bypassing of all rf components 
must be provided. Bear in mind that the 
local-oscillator to i-f isolation is only on 

the order of 16 dB. Thus, w i th 40 mW 
of local-osciilator injection, and wi thout 
adequate bypassing, a disruptive 1 mW 
of local-oscillator energy wi l l appear on 
the bias test point. 

In my application the local-oscillator 
and rf frequencies are suff iciently close 
(1268 and 1296 MHz, respectively) to 
be adequately bypassed by capacitor 
C8 , an open-circuited quarter-wave-
length microstripline of low characteris-
tic impedance. Grounding the i-f com-
ponent (28 MHz in this case) is accom-
plished wi th bypass capacitor C10. In 
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addition to the bypassing components, 
an rf choke and ferrite bead are used to 
isolate the bias test point f rom any re-
maining i-f, local-oscillator or rf signals. 

tors of the BI\iC, TNC or SMA variety. 
Fig. 6 details the fabrication of these 
launchers and shows a method for 
mounting them to the circuit board. 

fIs. 3. Double-balanced mixer circuit for 1296 M H z which uses microstripline construction. 
Component details are listed under fig. 2. Pull-size printed-circuit board is shown in fig. 4. 

construction 
Construction of the printed-circuit 

mixer assembly is shown in fig. 3. Full-
sized artwork for the circuit board is 
shown in fig. 4. The microstripline di-
mensions are for use wi th 1/16 inch 
(1.5mm) thick G-10 fiberglass-epoxy 
board, double clad with 1 ounce copper. 
When building the board be sure to 
leave an unetched ground plane on the 
opposite side of the board. 

Microstripline inductors L1 t L2, L3 
and L4 are grounded by pieces of cop-
per foi l which are wrapped around the 
board edge to the ground plane as 
shown in fig. 5. Holes are drilled in the 
board so the tuning-screw terminals of 
capacitors C1, C2, C3 and C4 can be 
connected directly to the ground plane. 
Minimum lead lengths are imperative. 

Interfacing of the rf, i-f and local-
osci l lator ports is accomplished by 
microstripline launchers which can be 
built f rom flange-type coaxial connec-

M o u n t i n g of the fragile double-
balanced mixer module should be de-
ferred unti l all other components are in 
place. Holes are then drilled to permit 
direct through-the-board grounding of 
all mixer pins not connected to micro-

Double-balanced mixer layout for 1296 MHz, 
s h o w i n g c o m p o n e n t placement on the 
printed-circuit board (see fig. 3). 
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table 2. Electrical specifications for the Olektron 
model FP-CDB-145 double-balanced mixer module. 

Frequency 
response 

Conversion 
loss, typ ica l 

RF port 
LO por t 

500 MHz 
1000 MHz 

0.5 to 
1350 MHz 

0.5 to 1350 MHz 
0.5 to 1350 MHZ 

6.5 dB 
7.5 dB 

9.0 dB 

Isolat ion, 
m i n i m u m 

Local-osci l lator 
power 

Diodes used 

Temperature 

L O / R F R F / I F L O / I F 
500 MHz 30 dB 20 dB 20 dB 

1000 MHz 20 dB 15 dB 15 dB 

+ 7 to +13 dBm 
(5 to 20 mW) 

hot carrier 

-54°C to +100°C 

striplines. The leads to the rf, local-
oscillator and i-f terminals are bent 
down at right angles to the plane of the 
substrate, then out at 90 degrees so they 
lie on top of the microstriplines to 
which they are soldered. 

When you're bending the leads of the 
mixer module, use extreme care so you 
do not fracture the delicate metal-glass 
lead seal. It is advisable to grip each lead 
with a pair of small needle-nosed pliers 
at the point where the lead just exits the 
flatpack; then bend the lead down on 

the far side of the pliers. For the local-
oscillator, rf and i-f leads use the pliers 
to grip each lead just below the first 
bend when making the second bend. See 
the accompanying photograph for clari-
fication (page 10). 

tuneup and operation 
In addition to bandpass filtering, pro-

per adjustment of the resonators at each 
port of the double-balanced mixer as-
sembly wil l provide the required impe-
dance matching. An excellent technical 
note from Anzac Electronics3 describes 
the disastrous side effects of improperly 
t e r m i n a t i n g the var ious ports of a 
double-balanced mixer. As can be seen 
from table 3, a worst-case combination 
of reactive mismatches to all three ports 
can result in an overall degradation in 
mixer conversion loss of 3.5 dB, with a 
corresponding increase in third-order in-
termodulation products up to 30 dB. 

When tuning the mixer assembly it is 
imperative to adjust each tuned circuit 
so that its associated mixer port sees a 
nonreactive 50-ohm termination. This is 
accomplished by adjusting the local-
oscillator filter for maximum diode cur-
rent, and adjusting the rf and i-f filters for 
minimum single-sideband conversion loss. 

Initial adjustment of the local-oscil-
lator port is most easily accomplished 

fig. 4. Full-size printed circuit board for the 1296-MHz double-balanced mixer. Material is 1 /16" 
(1.5mm) G-10 fiberglass-epoxy board, double clad with 1 ounce copper. 
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fig. 5. Method of properly grounding induc-
tors L I , L 2 , L 3 and L 4 with thin shorting 
straps to the ground plane on the reverse side 
of the board. 

by coupling in a +5 to +13 dBm 
local-oscillator signal (3 to 20 mW) and 
adjusting trimmers C1 and C2 alternate-
ly for maximum relative diode current, 
as indicated on a sensitive vtvm at the 
bias test point. Preliminary adjustments 
of the rf filter, to assure that the mixer 
is not tuned up on the image frequency, 
should be performed by coupling 10 
milliwatts or so of 1296-MHz energy 
from a signal generator into the rf port 
and adjusting C3 and C4 for a maximum 
reading at the test point with no local-

oscillator injection. If a grid-dip oscilla-
tor, tuned to 28 MHz, is link-coupled 
through a coax cable to the mixer's i-f 
connector, the i-f tank circuit can be 
tuned for a dip with C7. 

Final adjustments to C3, C4 and C7 
can be made by connecting the mixer to 
a local-oscillator chain, i-f receiver and 
weak signal source, and tweaking for 
optimum signal-to-noise ratio. Do not 
adjust C1 and C2 at this time as optimi-
zing diode current with the local oscilla-
tor connected has the effect of imped-
ance-matching the local-oscillator port. 
While it is true that the mixer's conver-
sion loss will vary with local-oscillator 
injection level (see fig. 7), to minimize 
third-order intermodulation products, 
changes in the local-oscillator injection 
level should be accomplished by pad-
ding the output of the oscillator, not 
by mismatching the mixer's local-
oscillator port. 

table 3. E f f e c t of reactive terminations on double-balanced mixer performance. Mixer terms 
are defined below. (Data courtesy the Engineering Department, A n z a c E lectronics . ) 

termination 
condition 

conversion 
loss 

rf 
compression 

level 

rf de-
sensitization 

level 

harmonic 
modulation 

products 

third-order 
IM products 

R F Port = 50 o h m s 

I F Port = reactive 
load 

L O Port = 50 o h m s 

can vary 
± 3 d B 

can vary 
± 3 d B 

can vary 
± 3 d B 

can vary 
+ 20 d B 

can vary 
±20 d B 

R F Port = 50 o h m s 
IF Port = 5 0 o h m s 
L O Port = reactive 

source 

no effect 
if L O drive 
adequate 

no effect 
if L O drive 
adequate 

no effect 
if L O drive 
adequate 

can vary 
±10 d B 

can vary 
± 1 0 d B 

R F Port = reactive 
source 

I F Port = 50 o h m s 
L O port = 50 o h m s 

t y p i c a l l y 
±0 .5 d B 

for 2 :1 vswr* 
± 0 . 5 d B ± 0 . 5 d B 

no first 
order effect 

no first 
order effect 

i n c r e a s e s proport ional to mismatch . 

H a r m o n i c modulat ion 
products: 

R F compression level: 

O u t p u t responses caused by h a r m o n i c s of the local -osc i l lator a n d 
rf signal a n d their m i x i n g products . 

T h e rf input power level that causes the convers ion loss to increase 
by 1 d B . 

T h e rf input power of an interfering signal that causes the small-
signal convers ion loss to increase by 1 d B . 

Intermodulat ion products: H a r m o n i c a l l y related d i s tor t ion p r o d u c t s caused by mul t ip le rf 
signals and their harmonics m i x i n g wi th each other and the |_0 
p r o d u c i n g s ignals at new frequencies. 

R F desensit ization level: 
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The most elegant method of adjust-
ing this mixer, of course, is to tune all 
ports for minimum indicated noise fig-
ure on an automatic noise meter system. 
However, those amateurs blessed with 
access to such equipment are cautioned 
to verify their results with a crystal-
controlled weak-signal source to guard 
against resonating the rf port's filter at 
the image frequency. When properly 
adjusted, this mixer's image rejection is 
on the order of 18 dB. 

My p r o t o t y p e mixer assembly, 
shown in the photographs, indicates a 
ssb noise figure of 10.5 dB, measured 
with a Hewlett-Packard 340 B Auto-
matic Noise Meter and an A I L 7010 
argon discharge noise head. Local-
oscillator injection at optimum noise 
figure is +10.5 dBm. The measured 
noise figure of the dual-gate mosfet i-f 
amplifier which followed this mixer dur-
ing noise measurements is 1.0 dB. There-

CONNECTOR PIN CENTERLINE 
TO END OF MICROSTRIPLINE • 
HALF OF STRIPLINE WIDTH. 

C V / / / / Z 

-6 -4 -Z 0 + 2 + 4 +6 +8 +IO +12 +f6 
LOCAL OSCILLATOR INJECTION (<SBm) 

fig. 7. Measured conversion loss of the 
1296-MHz double-balanced mixer circuit as a 
function of local-oscillator injection level. 

-GROUND PLANE - COUNTERSINK TO 1/3 OF 
DIELECTRIC THICKNESS 

£ . 0 8 " 

-f ACE OFF 
METAL UP 

u 
UG-290/U MODIFIED 

UG-290/U 

fig. 6. Technique for modifying flange-type 
coaxial connectors for microstripline launch-
ers. Same method can be used with BNC, 
T N C or SMA coaxial connectors. 

fore, if you accept the published figure of 
9.0 dB for the conversion toss of the 
flatpack mixer module, the filter loss at 
the rf port is on the order of 0.5 dB. 

The 9.5 dB conversion loss of this 
mixer assembly is on a par with my 
homemade mixer designs while offering 
the improved isolation and reduced har-
monic modulation product density char-
acteristic of the double-balanced ar-
rangement. Performance of this mixer in 
the receive mode is wholly satisfactory 
for line-of-sight communications on the 
23 cm band. Should beyond-the-horizon 
communications be desired, a single 
stage of low-cost preamplification4 wil l 
reduce overall system noise figure below 
5 dB. With the addition of a low-noise 
stage I have brought my system noise 
figure down to 2.2 dB. 

references 
1. H. Paul Shuch, W A 6 U A M , " 1 2 9 6 MHz 
SSB Transceiver," ham radio, September, 
1974, page 8. 
2. William J, Ress, W A 6 N C T , "Broadband 
Double-Balanced Modulator," ham radio, 
March, 1970, page 8. 
3. "Reactive Loads — The Big Mixer Men-
ace," Technical note, Anzac Electronics, 39 
Green Street, Waltham, Massachusetts 02154. 
4. H. Paul Shuch, W A 6 U A M , "Microstripline 
Preamps for 1296 M H z , " ham radio, April, 
1975, page 12. 
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universal tone encoder 
for vhf fm 

A straight-forward 

tone encoder 

which provides both 

Touch-Tone signaling and 

tone-burst operation 
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The availability of low cost Touch-
Tone* decoders, autopatch and tone-
burst-operated repeaters has resulted in 
renewed interest in tone encoders. How-
ever, much confusion exists as to how 
tone pads and burst oscillators can be 
built and interfaced with vhf fm trans-
ceivers. The unit described here provides 
both Touch-Tone and tone burst, yet is 
stable and easily constructed. Three 
types of audio outputs are provided as 
well as automatic PTT hold during 
Touch-Tone dialing. The unit can be 
operated from internal batteries or from 
automotive or other 12-volt systems. All 
components are commonly available 
and construction is simplified by the use 
of a printed-circuit board. 

"Touch-Tone is a registered trademark of the 
Western Electric Company. 
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XMTR "A" O TONE SELECT 
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35A3 
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fig. 1. Circuit of the universal tone encoder. 
This circuit provides both high- and low-
impedance microphone outputs, and may be 
used wi th more than one transmitter. Before 
using either of the tone pads, remove the 
5100-ohm resistor (see text) . Resistor R1 is 
selected to set the regulated voltage, V Q , at 
+8.5 volts. Resistors are V4 watt unless other-
wise noted. 

output coupling 

Two sets of independent level con-
trols allow operation with two different 
transceivers without readjustment. One 
high-impedance and two types of low-
impedance outputs are provided. Inde-
pendent Touch-Tone and tone-burst out-
puts may be combined by jumpering ter-
minals 33 to 34 and 32 to 35 (see fig. 1). 

H igh- impedance inputs may be 
driven by connecting terminal 16 or 20 
directly to the microphone line. Resis-
tors R9 and R12 adjust the output 
levels for Touch-Tone and tone burst, re-
spectively. If the drive level is too low the 
value of R25 or R26 may be reduced. 

Low-impedance inputs may be driven 
by connecting terminals 17 and 18 in 
series with the microphone line. Resis-
tors R10 and R11 adjust the output 
levels; no change in microphone audio 
quality or deviation will result. This has 
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AUDIO 
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e 
- TRANSCEIVER -
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/ / TIME 
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fig. 2. Correct wiring for the PTT relay in 
your fm transceiver. Proper waveform on the 
collector of transistor Q2 is shown below the 
schematic. 

an advantage in many transceivers: a 
microphone shorted by the PTT switch 

will not pick up background noise dur-
ing Touch-Tone signaling. A shorting 
type microphone is not required for 
operation, however. The microphone 
may be plugged into the tone encoder 
enclosure and a shielded cable run to 
the transceiver. Another low-impedance 
output is available at terminal 15 or 19 
if transformer coupling is not desired. 
This output should be connected direct-
ly to the microphone line. Unused out-
puts may have the associated compo-
nents omitted. 

tone pad encoder 
Wir ing for Western Electric and 

Automatic Electric tone pads is shown 
in fig. 1. One modification is required to 
the pad: the removal of the 5100-ohm 
resistor used for reducing the local 
handset tone signaling volume. One end 
may be clipped or the resistor may be 
entirely removed. This provides a pair of 
normally-shorted contacts that are open 
when any button is depressed. 

Some Automatic Electric tone pads 
have an internal diode bridge to allow 

© 
29 II 12 17 IB 19 20 16 15 8 3 M 13 9 10 

• t t 

281 

mz 

mi 

RIO 

Tl 

C3 + 

RB 

ca 

ff/3 ma 

©* 4 

HIT 

21 22 23 24 28 26 
CIO © 

fig. 3. Component layout for the tone encoder circuit board. 
Full-size prlnted-circuit board is shown in fig. 4. 
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operation with either polarity input 
voltage. These wires, red and brown, 
may be used rather than the green and 
white. A n y unused wires from either 
pad should be cut off or taped to pre-
vent shorting. 

of C 3 will yield longer delays. This ap-
proach is not new and has been tested 
for some time with no problems.1 The 
delay interval should be set just long 
enough to dial a tone sequence without 
rushing. 

construction of the universal tone encoder. The printed-circult board is shown in the foreground. 

Transistor Q1 is normally biased off 
by CR1 , and the regulated supply volt-
age, V 0 , is applied to the base through 
terminals 13 and 14. When any tone 
button is depressed, terminal 13 is 
opened, turning on Q1 and Q2 and 
charging C3. The P T T relay is operated 
by ground return through transistor 0 2 . 

When the tone button is released, Q1 
is again turned off. Transistor Q2, how-
ever, is held on until the charge on C 3 is 
bled off through R6, R7 and R8. The 
P T T hold time is adjusted by R8. Delays 
up to two seconds are possible with the 
components shown. Increasing the value 

Operation of this circuit assumes that 
the transceiver PTT relay is wired as 
shown in fig. 2. The collapsing field of 
the relay coil will cause the voltage 
spike on the P T T line when the relay is 
opened. Although no trouble has been 
experienced by several users, damage to 
Q 2 could result. The spike can be elim-
inated by installing a diode across the 
relay coil; although relay drop-out time 
will increase, it should not be notice-
able. Max imum relay current must be 
less than 300 mA. 

Transceivers which use diode P T T 
switching will generally work with this 
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circuit without change. If any switching 
diff iculty is experienced, a small reed 
relay could be used to switch the trans-
ceiver; Q2 would operate this relay coil. 

Switch S2 allows the encoder to be 
used with two transceivers by selecting 
the appropriate PTT line. CR1 may be 
any silicon diode; Q2 should not be 
substituted. The other components are 
not critical. 

tone-burst oscillator 

This circuit was first described else-
where and has proven stable and reli-
able.2 A polystyrene capacitor was se-
lected for C9; a mylar or disc may be 
substituted with some loss of tempera-
ture stability of burst tone frequency. 
Resistor R20 prevents accidental dam-
age to U2 if all the tone adjust pots are 
set to minimum resistance. 

The oscillator frequency is set by 
grounding terminal 30. Set R13 through 
R18 to minimum resistance and adjust 

R19 for approximately 2500 Hz, using a 
counter connected at the junction of 
C10 and R11. Then adjust R13 through 
R18 for the desired burst frequencies 
selected by switch S3. Tone-burst dura-
tion is about 0.4 second, but may be 
varied by changing the value of C7. The 
oscillator has been used for MCW by 
connecting a key between terminal 30 
and ground. 

The burst oscillator, in particular, re-
quires a well regulated power supply. To 
minimize the current drain, a low-cost 
IC regulator, U1, was selected. Input 
voltage variations do not cause excessive 
current drain as with a zener regulator. 
Inputs between 11 and 38 volts are sat-
isfactory, allowing operation with either 
an auto battery or two internal 9-volt 
batteries in series. 

Total current required is 11 mA for 
tone burst and 20 mA during tone pad 
signaling. A further advantage of the IC 
regulator is the elimination of generator 

fig. 4. Full-size printed-circuit board for the universal tone 
encoder. Component layout is shown in fig. 3. 
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HERE IS A FIST FULL 

Rear view of the universal tone decoder show-
ing the input and output connectors. 

or alternator noise on the encoder out-
put. Switch S1, a center-off dpdt, se-
lects the mode of operation. Resistor 
R1 may be selected if required to set 
the regulated voltage V0 to 8.5 volts. 

construction 
The internal packaging of the en-

coder is shown in the photographs. A 
LMB-007-446 cabinet was used. All 
components except switches and con-
nectors mount on the 3.1x3.5- inch 
(79x89mm) printed-circuit board.* 
Fifteen-turn trimpots are shown for the 
tone-burst frequency adjustments. How-
ever, the board will also accept single-
turn pots. A socket is used for U2; all 
other components are soldered in place. 
If only internal batteries are used, the 
12-volt input connector on the rear pan-
el may be omitted. 

references 
1. Roy Hejhall, K7QWR, "Solid-State Mobile 
Touch-Tone Circuit," ham radio, March, 
1973, page 50. 
2. Glen Dickson, WB5BAF, "A Tone-Burst 
Generator for Repeater Access, QST, April, 
1974, page 30. 
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•Drilled and plated printed-circuit boards are 
available from the author for $5.50, postpaid. 
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low profile 

three-band quad 

The low profile quad | 

offers several £ 
CO 0 

mechanical advantages § 
1 over the usual f 

d , s l g n J 
^ re 
X 

Z>* 
Wultiband coverage with a compact X 
beam antenna is a necessity with most 
amateur operators and complements the 5 
modern station contained in a single 8 
cubic foot of space. After having § 
achieved excellent quad performance « 
with the LPQ 20-meter monobander,1 h 
an excursion to the 10 and 15 meter o.' 
arena with this same type of antenna j= 
seemed mandatory. At tiie same time, ° 

some structural and electrical improve-
ments were to be implemented. 

The casualty rate among quads is 
rather high, and although my bamboo 
spreaders survived last winter's ice 
storm, it probably would have finished 
off a tri-bander with its additional sur-
face area. Static load tests revealed the 
quad's inherent weakness when built 
with small diameter spreaders. The easi-
est solution seemed to be the addition 
of a vertical king post to each spider; 
the horizontal wires of each loop could 
then be attached to them to provide 
some useful load bearing. To accomplish 
this, a 1-foot (30.5cm) length of 1x1 
inch (25x25mm) angle iron was bolted 
to the outer side of each spider and a 
wood king post 1-1/8 inch (28mm) OD 
by 9 feet, 4 inches (2.84m) long was 
installed. Number-8 (4mm) panhead 
sheet metal screws at appropriate points 
along the king post provided anchor 
points for the wire. 

An aluminum or metal king post 
would provide even greater rigidity. 
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OVERALL SPAN IB'-IO" (5.74m) 

NO 8 PANHEAD SCREWS 
6 PLACES 

BAMBOO, ate. SPREADERS 
1 0 - 6 " (3.20m) LONG 

SEE fie. 3 

FAHNESTOCK CLIPS 

LAP JOINT 

fig. 1. Details of the driven element and shorting bars. 
The movable shorting bars are made by sweat-
soldering a pair of Fahnestock clips to a piece of 3/8" 
( 9 . 5 m m ) wide brass or copper strip to the dimensions 
given for each band. 

14-1/4" 
(6.5 mm) 44 (6.5 mm) 

-3/9" (9 5 mm) 
WIDE BRASS, wtc. 

BAUD 
IO METERS 
15 METERS 

20 METERS 

SPACING 

1-3/4" (45 mm) 
2-7/16" (62 mm) 
3-l/Z" (89 mm) 

However, its presence might disturb the 
antenna electrically. To test its effect, 
the antenna was first built with the 
wooden king post described. After the 
tri-bander was completed and tuned to 
my satisfaction, a number-18 (1mm) 
wire was run the full length of the 
reflector king post and connected to all 
horizontal wires at their center (high 
current) points and to the spider and 
boom. This grounding did not upset the 
swr or field strength readings, so the 
driven element was also grounded in this 
same manner and with equally good 
results. 

As an added benefit, static charge 
collection is reduced; now during a pass-
ing thunderstorm I am not disturbed by 
any snap-cracking within the confines of 
the tuner box! From these observations 
you can assume that a metal tubing 
king post could be used for better 
grounding and rigidity without affect-
ing performance. 

construction 

To LPQ newcomers the spider shown 
in fig. 3 is easier to make than the 
original type. If necessary, the parts can 
be assembled with 8-32 (M4) hardware 
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and taken to a welding shop for finish-
ing. Close attention to dimensions will 
take care of the necessary 54 degree 
spreader angle. To attain good radiator-
reflector alignment once the individual 
spiders are assembled, the following pro-
cedure is recommended: First, insert 
one spider (without spreaders) in the 
boom and drill through both boom and 
spider with a 1/8 inch (3mm) drill. Then 
follow with a number-7 (5.1mm) drill, 
and finish by tapping both pieces to-
gether with a 14-20 (M7) tap. Fasten 
them with a machine screw, and con-
tinue to drill-tap the other holes. 

When one spider is completed, insert 
the opposite spider into the boom and 
lay the entire assembly on a flat surface. 
Check the top of the spider arms with a 
level, and repeat the drill-tap operation. 
Before dismantling, index and identify 
the spider-boom positions with a center 
punch or small chisel marks. 

The spreader clamps, fig. 3, are made 
from 20 gauge (1mm thick) stainless or 
galvanized iron stock, and they should 
be formed so as to leave a gap of 
approximately 1/8 inch (3mm) when 
fully tightened. The bamboo spreaders 
should be weatherized by spiral wrap-
ping them with PVC electrical tape. I 
also wrapped one set of spreaders with 
3/4 inch (19mm) wide paper masking 
tape, wiped them off with naptha, and 
coated them with latex paint. To date 
the paper covering has not deteriorated, 
is cheaper, and can color match the sky 
or your house. 

elements 

Fig. 1 shows in detail the driven 
element and its shorting bars. In build-
ing this "monster," you're confronted 
with the unpleasant task of locating and 
providing a large number of anchor 
points along the spreaders. Begin by 
matching up the bamboo poles and se-
lecting the stronger pair for the upper 
set. Then you can either fasten a 
spreader to the proper spider arm and 
measure off the given radii, or measure 

from the butt end and allow for the 
difference. Wrap three layers of PVC 
tape at all anchor points. 

The wire-loop anchors are formed as 
shown in fig. 2. The approximately 1/8 
inch (3mm) ID two-turn loop is made 
by wrapping the number-16 (1.3mm 
diameter) galvanized iron wire around a 
suitable nail held in a bench vise. First 
make up one sample and try it for size 
at the 10-meter section. To secure the 
anchor to the spreader, make two turns 
around the anchor point and then twist 
the remaining ends into a pigtail. After 
that step, insert a nail through the loop 
ID and apply an additional half turn 
more twist. The critical anchors are 
those holding the number-14 (1.6mm) 
horizontal wires. To prevent slippage, 
number-6 (3.5mm) panhead screws are 
driven alongside of the wrapped wire; a 
number-39 drill (0.1 inch or 2.5mm) is 
used to start them in the bamboo. 

Wire stringing is started with the outer 
number-18 (1.0mm) copperweld vertical 
sections. Fashion a 9 foot, 2 inch 
(2.79m) gauge stick from 1x2 inch 
(25x50mm) wood, and insert it between 
the inner side of the end anchors before 
installing the wires and insulators. Leave 
several inches of pigtail on these wires 
for connection to the others; do not 
rely on the anchors for continuity! 
Transfer the gauge stick to the other 
side and repeat the procedure. 

Next, attach the number-14 (1.6mm) 
twenty-meter lower wire to the mount-
ed insulator, followed by the upper 
wire. Pull them up taut, but before 
securing, sight along the diagonal 
spreaders and make any corrections nec-
essary. Fo l low w i t h the number-14 
(1.6mm) wires for 10 and 15 meters and 
the remaining number-18 (1mm) ver-
tical runs, all of which are separate wires 
to permit proper tension adjustment. 
The shorting bar and jumper positions 
can be interchanged for best accessi-
bility. The reflector element shown in 
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NO. 8 PANHEAO SCREWS -

BAMBOO, ore. SPREADERS 
tO'-4" (3.15m! LONG 

r Z-t/Z" . 1 C63.5 mmTn H 1/2 TURN TWIST 

TURN LOOP 0.13" 13,5 mm) I D. 

FORM TO FIT 

I TURN TWIST 

4 TURN TWIST 

-NO. 6 PANHEAO /r~ 3 LAYERS PVC TAPE 

UPPER SPREADER 

fig. 2. Construction of the reflector and wire loop anchors used in the three-band quad. 

fig. 2 is assembled in the same way but 
without the insulators and shorting bars. 
To retard corrosion at the anchor loop 
connectors, dab on a bit of axle grease. 

feeding and adjustment 
The present direct feed with a single 

RG-8/U 50-ohm coaxial line is a quick 
and easy way to get going, but it is 
probably not the ultimate matching 
method. A triple gamma match is now 
feasible since there is now a convenient 

mast to support the required compo-
nents. Some improvement was also 
noted when the original feedline length 
was extended from 80 feet (24.4m) to 
91 feet (27.7m), a length which corres-
ponds closely to multiple of a half 
wavelength on all three bands. Two 
other good choices for feedline length 
are 45 feet (13.7m) and 137 feet 
(41.8m). Adding the 10- and 15-meter 
elements to the original 20-meter LPQ 
lowered its resonant frequency by a 
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substantial amount, and it required re-
tuning. Tuning is accomplished by ad-
justment of the shorting bars. 

As shown in fig. 1, moving the short-
ing bars upward increases the loop 
length and lowers the resonant fre-
quency while moving them downward 
will raise the resonant frequency. Initial 

Front-to-back ratio and comparative 
field strength were checked wi th a sim-
ple detector consisting of a short dipole 
and a 1N34 diode connected via twisted 
pair to a 1 m A indicator in the shack. 
When you are satisfied wi th the tuning, 
a f ixed jumper should be soldered just 
below every shorting bar for insurance. 

fig. 3. Spider and spreader clamp con-
struction for the low-profile quad. SPIDER-SPREADER CLAMP 

changes can be made in 5 inch (13cm) 
increments until the best swr is brack-
eted. The procedure I used was to raise 
the antenna, apply low power, and take 
swr readings across all three bands. A t 
first do not concentrate on trying to 
obtain the opt imum match for any one 
band. Since three antennas are con-
nected to a common feed line, it may be 
necessary to make changes to all an-
tennas and repeat the swr checks several 
times. An antenna impedance bridge 
will also show frequency changes and 
may be useful in the tune-up process. 
The reflector should not require any 
attention since it is broadly tuned. 

After finishing this antenna, another 
modification to improve the mechanical 
rigidity of the quad occurred to me: 
Why not have the 10- and 15-meter 
loops on the radiator and reflector fas-
tened to the king post at the same point 
as the 20-meter loops? The elements 
would then assume a hexagonal shape 
and the assembly should be even more 
rigid. 

reference 
1. J.P. Tyskewicz, W1HXU, "The Low-
Profile Quad Antenna," CO, February, 1974, 
page 24. 
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phase modulation 
principles and 

techniques 

When phase modulators 

are used in 

vhf fm systems, 

frequency-shaping circuits 

must be tailored 

for maximum 

intelligibility 

In discussions with other radio ama-
teurs, and in reading such references as 
the ARRL Radio Amateur's Handbook 
and FM and Repeaters manual, I have 
found that considerable confusion exists 
concerning modulation standards for 
vhf-fm. Both of these books explain the 
difference between fm and phase modu-
lation (pm), but neither point out that 
it is pm that is normally used on vhf. If 
homebrew receivers and transmitters are 
used which do not take this into ac-
count, intelligibility will suffer greatly. 

fm vs pm 
In practice the most obvious differ-

ence between fm and pm is in the 
audio-frequency response. In a pm 
signal the deviation is proportional to 
the modulating frequency while in an 
fm signal it is not. When analyzed 
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mathemat ica l ly a phase modulator 
differentiates the audio signal. A pm 
signal, therefore, has a deviation which 
rises at 6 dB per octave, so a pm receiver 
must have a frequency response which 
falls at 6 dB per octave or the audio wil l 
have excessive treble response and be 
" t i nny" sounding. An fm signal received 
on such a receiver wil l sound very 
muffled. 

The methods for achieving the desired 
response are simple and have been re-
ported before,1 but perhaps a recap is in 
order. If a phase modulator is used on a 
multiplier stage of the transmitter (the 
usual commercial practice in vacuum-
tube rigs), the audio response will auto-
matically be correct; hence the only 
processing necessary is to limit the 
audio bandwidth and maximum devia-
tion, as described later. 

pre-emphasis 
The usual practice in homebrew fm 

equipment is to modulate a crystal oscil-
lator with a varactor diode - a process 
which is simple but which results in a 
flat rather than a rising frequency re-
sponse. Measurements on my Pip-
Squeak2 with an audio generator fed 
directly into the varactor decoupling 
network (bypassing the audio stages) 
show that response is flat f rom dc to 
over 20 kHz. Using the original audio 
circuits, the audio sounds very muffled 

IN C^"" -^W -OOUT IN O- Hf -OOUT 

S3 pS RC • S3 tiS 
fig. 1. Pre-emphasis networks. For communi-
cations circuits wi th 3 dB rolloff at 3000 Hz 
the time constant should be 53 microseconds. 
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unless an inexpensive microphone with 
peaky high frequency response is used. 
A simple RC or RL pre-emphasis net-
work, as shown in fig. 1, wil l cause the 
audio response to rise at the desired rate. 

In this network R and C may have 
any value provided that their time con-
stant (product) is 53 microseconds. This 
value is chosen to give 3 dB rolloff at 
3000Hz (R = X c at 3000 Hz). In the 
RC network shown, R must include the 
input resistance of the following stage as 
a parallel component. Similarly, in the 
RL circuit, R must include the output 
resistance of the preceding stage as a 
series component. (The 75-microsecond 
time constant mentioned in the ARRL 
books applies to broadcast fm and is 
used for noise reduction.) 

The response curve for the pre-
emphasis network and formulas for its 

30 

ff - lOkji ff - lOkji 

dB LOSS - 20 LOG R dB LOSS - 20 LOG 
WHERE Xc • WHERE Xc • 2TTFC 

I 500 1000 2000 
FREQUENCY (Hi) 

5000 

fig. 2. Response of pre-emphasis network. 
Changing the RC product moves the curve to 
the left or right but does not change its shape. 

calculation are shown in fig. 2. Changing 
the RC product simply moves the entire 
curve to the left or to the right but does 
not change its shape or slope. The curve 
for the RL network is identical. 

clipping and filtering 
Good amateur practice (and regula-

tions) require that maximum deviation 
be limited to ±5 kHz, ±7.5 kHz, or ±15 
kHz, depending on the system. Values 
exceeding these amounts wil l cause dis-
tortion, squelch closing on voice peaks, 
and unnecessary bandwidth. Since pm 
deviation increases with both frequency 

and modulation amplitude, it is neces-
sary to restrict both peak amplitude and 
high-frequency response in pm systems. 

A simple shunt clipper is shown in 
fig. 3. In this circuit resistor R may be 
simply the output impedance of the 
driver, but it should be very high com-
pared to the forward resistance of the 

IN O - - W r -O OUT 

fig. 3. Simple shunt clipper circuit for limiting 
peak amplitude response of pm systems. 

diodes. The diodes may be either ger-
manium or silicon, depending on the 
audio level. Since the clipping circuit 
will produce harmonics of the modu-
lating frequency, it should be followed 
by a lowpass filter. 

Level controls should be located on 
both sides of the clipper. The input 
control is called a modulation control 
and sets the amount of clipping present 
on the signal. The output control is a 
deviation control and sets maximum 
deviation. Insufficient clipping wil l re-
sult in a low audio level; any attempt to 
correct this by turning up the deviation 
control will result in excessive peak 
deviation. 

Many commercially built rigs lack a 
modulation control and depend on care-
fully matched microphones and audio 
circuits to set the correct level into the 
clipper. When designed for mobile use, 
they often have insufficient gain for 
normal speech in a quiet fixed station. 
If your rig suffers from low audio with 

IN O-
R 

—V\A*— —O OUT 

m 

fig. 4. Lowpass LCR filter provides roll-
off of 12 dB per octave. Response is 
plotted in fig. 5. 
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R • I 8 6 0 OHMS 
C • 0.032 tiF 
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C • 0.032 tiF 
L - 8 8 mH 

R • I 8 6 0 OHMS 
C • 0.032 tiF 
L - 8 8 mH 

500 1000 2 0 0 0 

FREQUENCY ( H l i 

fig. 5. Response of lowpass filter (fig. 4) 
where R = 1.66k, C = 0.032 fJLF and L = 88 
mH. Rol loff is 12 d B per octave. 

the deviation properly set, add a vari-
able gain microphone preamp, don't 
turn up the deviation. 

While a simple RC lowpass filter 
could be used after the clipper, twice as 
much rolloff (12 dB per octave) is possi-
ble with an LCR filter such as that 
shown in fig. 4. The R, L and C compo-
nents may be selected by noting that at 
the cutoff frequency, X c = X L = R. If L 
is an 88-mH toroid and the cutoff fre-
quency is 3000 Hz, then C = 0.032 juF 
and R = 1659 ohms (either 1.5k or 1.8k 
should be satisfactory). 

If R is too high, a peak wil l develop 
in the response at the cutoff frequency; 
if it is too low the high-frequency re-
sponse will suffer. R includes the output 
resistance of the preceding stage, and 
since it must have quite a low value, an 
emitter follower is suggested. 

Since the input impedance of the 
LCR filter varies widely with frequency, 
it should not be used to terminate the 
pre-emphasis network. The stage follow-

INO-
R 

-A<W- - O OUT 

m 

RC • 530 uS $ • MO 

fig. 6. De-emphasis networks are used in 
phase-modulation receivers to provide 6 d B 
per octave rolloff. For communications cir-
cuits with a low-frequency cutoff of 300 Hz, 
a 530 microsecond time constant is chosen. 
Frequency response of the de-emphasis circuit 
is plotted in fig. 7. 

ing the filter must have an input resis-
tance much higher than X c at the cut-
off frequency, say 100k in this case. 

receiving 
In the receiver in a pm system the 

discriminator must be followed by a 
network giving 6 dB per octave rolloff 
above 300 Hz. Such a circuit is called a 
de-emphasis network, and examples are 
shown in fig. 6. If R = X c (or R = X L ) 
at 300 Hz, a time constant of 530 
microseconds results, and the frequency 
response is that shown in fig. 7. Again, 
changing RC will move the plot to the 

m 10 
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fig. 7. Frequency response of an R C de-emphasis 
network with R - 10k and C = 0.05 jJLF. 

left or right, but will not change its 
shape. In mathematical terms, the de-
emphasis network integrates the audio 
signal. 

The block diagrams shown in figs. 8 
and 9 illustrate how the principles dis-
cussed may be included in transmit-
ters using either a phase modulator 
(fig. 8) or a frequency modulator (fig. 
9) to give pm in either case. Clipping is 
always done after pre-emphasis so that 
frequencies below 3000 Hz may achieve 
higher deviation levels than would 
otherwise be possible.1 

other techniques 
Operational amplifiers may be used 

as differentiators and integrators, and 
they have the advantage over passive 
networks of very low output impedance 
and a gain of unity or greater rather 

30 0 3 july 1975 



than 10 dB loss at 1 kHz. In addition, 
the frequency response curves are quite 
linear. A differentiator will serve as a 
pre-emphasis circuit, and an integrator 
as a de-emphasis circuit. Suitable cir-
cuits are shown in fig. 10. Internally 
compensated op amps such as the 
juA741 should be used. The circuit of 
fig. 10A may be used in a transmitter 
and that of fig. 10B for a receiver. Parts 

resistor. Some receivers, such as the 
Motorola Sensicon series, have the test 
point heavily bypassed for both audio 
and rf. Such bypassing should be re-
duced sufficiently to allow audio signals 
to pass. Calibrate the scope by feeding 
in signals of -10kHz, on frequency, and 
+10 kHz. Peak deviation may now be 
read by simply looking at the audio 
waveform. 

MODULATION 
CONTROL 

DEVIATION 
CONTROL 

fig. 8. Basic phase modulator system. T h i s is the system most often used in vhf 
communications equipment. 

values are fairly critical to assure correct 
frequency response. The response curves 
of these circuits are shown in fig. 11 
(these circuits originally appeared in 
reference 3). 

measurements 
Checking frequency response and dis-

tortion on an fm or pm transmitter is 
easily done if you have access to a few 
items of test equipment. You will need 
a good quality wideband fm receiver 
capable of receiving the transmitted fre-
quency, a dc oscilloscope, and an accu-

In a pm system, only a sine wave is 
transmitted unchanged; a square wave is 
sent as a series of positive and negative 
spikes which would be infinite if not 
filtered. When clipping begins, there-
fore, large spikes will appear on the 
waveform. The peaks of these spikes 
represent peak deviation and must be 
set to ±5 kHz, ±7.5 kHz, or ±15 kHz. 
If they seem out of proportion, the 
iowpass filter isn't doing its job. 

These terrible looking waveforms are 
restored to their original shape by the 
de-emphasis network in the receiver. If 

MODULATION 
CONTROL 

DEVIATION 
CONTROL 

fig. 9. Frequency modulator is similar to pm system but does not require a de-emphasis network. 

rate, stable signal generator (a BC-221 is 
ideal). 

First align the discriminator of the 
receiver very carefully so as to obtain a 
linear curve of voltage vs frequency. 
Connect the oscilloscope to the discrim-
inator test point. If no test point is 
provided, connect the scope directly to 
the discriminator through a 1 megohm 

you are not convinced, either put a 
de-emphasis circuit on the input of the 
scope, or connect the scope to the 
speaker terminals instead of the discrim-
inator. 

Using this method will show up one 
fault of a varactor diode modulator: the 
modulation will be asymmetrical, going 
more in one direction than the other. 
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This is partly because the capacitance-
vs-voltage curve of such a diode is not a 
straight line. Fortunately, most voice 
modulation is below the level at which 
the distortion becomes obvious, so it 
usually sounds all right. 

repeaters 

The frequency response of a repeater 
should be as flat as possible over the 
desired bandwidth of 300 to 3000 Hz. 
In fact, it may be desirable to extend 
the low-frequency response to 100 Hz 
or so if the use of sub-audible tones is 
contemplated. This may be accom-
plished by increasing the time constant, 
RC, in fig. 6 to 1.6 milliseconds. IMo 
attempt should be made to tailor the 
r e s p o n s e fo r better "communicat ion 
qual i ty" at the repeater, since the users' 
rigs will already include such provisions 
and doing it twice will make things 

worse. Ideally, the repeater output 
should be identical to its input in all 
respects within the limits of audio band-
width and deviation. 

The frequency response of some 
commercial rigs is less than ideal, and 
before using them as a repeater they 
could benefit from the application of 

fig. 11. Frequency response of op -amp inte-
grator and differentiator circuits shown 
in fig. 10. 

.ooie 

© 
016 

fig. 10. Operat iona l amplif iers may be used as 
differentiators (pre-emphasis) or integrators 
(de-emphasis) as s h o w n here. Frequency re-
sponse of these circuits is shown in fig. 11. 

some of the points mentioned in this 
article. When the repeater is installed, a 
careful set of measurements should be 
made to ensure that the following con-
ditions are satisfied: 

1. The input and output deviations 
must be identical up to the maximum 
chosen by the system. 

2. Inputs with greater deviations than 
this maximum should be clipped to the 
maximum. 

3. The frequency response should be 
flat within ± 2 dB from 300 to 3000 Hz 
for signals below the clipping level. 

4. There should be little distortion on 
signals below the clipping level. 

Here is the method I use to make 
these tests: The equipment is set up as 
shown in fig. 12. The receiver must be 
switchable between the repeater input 
and output frequencies, and separate 
receive and transmit antennas must be 
used (unless you have the facilities to 
work duplex on one antenna). If low 
power is used, and the repeater signal is 
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fa i r ly strong, full duplex operation 
should be possible. Turn your trans-
mitter deviation all the way up to essen-
tially remove the clipper f rom the cir-
cuit. Calibrate the scope as described 
earlier. Set the repeater deviation and 
modulation controls at maximum. The 
following steps are shown for a ±5 kHz 
system, but may be scaled for any de-
sired deviation. 

5. Feed a 1-kHz tone to the transmitter 
and adjust the audio level for ±7.5 kHz 
deviation using the receiver and scope 
on your own frequency. Switch the 
receiver to the repeater frequency and 
have the repeater deviation reduced to 
±5 kHz. 

6. Feed a 1-kHz tone into the trans-
mitter and set the deviation to a low 
value, say ±2.5 kHz. Have the repeater 
modulation control adjusted for an out-
put deviation of ±2.5 kHz. Make sure 
that the audio waveshape on the scope 
is an undistorted sine wave. 

7. Repeat the above checks at different 
levels and frequencies to make sure that 
conditions 1 and 2 above are met. 

8. Feed in tones from 300 to 3000 Hz, 
setting the transmitter deviation to ±2.5 
kHz each time, and see that the output 
deviation does not vary by more than ±2 
dB (use an audio vtvm in parallel with 
the scope if desired). 

Note that the repeater receiver and 
transmitter may both be fm instead of 
pm if desired, as the system frequency 
response wi l l be flat in either case. Fig. 
13 shows the overall frequency response 
using the pre-emphasis and de-emphasis 
circuits mentioned earlier. If a flatter 

fig. 12. Suggested test setup for measuring 
f requency response of a repeater (see t e x t ) . 

response curve is required, consideration 
should be given to using the op-amp 
integrator and differentiator circuits de-
scribed previously. 

conclusions 
The fm systems used on vhf are 

actually pm, not fm. Many homebrew 
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fig. 13. Overal l f requency response of a re-
peater using the pre-emphasis and de-emphasis 
circuits shown in figs. 1 and 6. 

transmitters produce fm, not pm, but 
the required conversion can be effected 
by simple RC networks. Modulation and 
deviation are not the same thing. 

If care and attention are paid to 
audio circuit design for vhf fm trans-
mitters and receivers, the resulting voice 
quality is almost good enough to be 
called hi-fi while still retaining ful l com-
munications effectiveness, and a well 
designed repeater can re-transmit a 
signal with no noticeable change in this 
good quality. First-class audio is not 
hard to obtain - let's hear more of it. 

references 
1. Les Cobb, W6TEE, "Modulation Standards 
for V H F FM," ham radio, June, 1970, page 
16. 
2. Doug DeMaw, W1CER, "An FM Pip-
squeak for 2 Meters," QST, March, 1971, 
page 21. 
3. "An Applications Guide for Operational 
A m p l i f i e r s , " Appl ica t ion Note AN-20, 
National Semiconductor Corp., Santa Clara, 
California, February, 1969. 
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high performance 

sync generator 
for amateur 

television 

High performance 

television sync generator 

uses National MM5320 IC 

to provide 

all pulse signals 

needed for both 

and color TV 

Most amateur television installations 
tend at first to be derived from low-cost 
surveillance TV cameras. These cameras 
use a random interlace system and often 
combine both blanking and sync as a 
single pulse. Professional TV systems, 
however, use a very stable sync genera-
tor which will interlace the scan pattern 
for maximum definition. They also pro-
vide a separate blanking pulse group 
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which will give a clean picture with 
sharp edges and no retrace problems. 
The final addition to a professional sync 
generator is color synchronizing capabil-
ity. Now you can get all this by using 
one special purpose integrated circuit 
plus some peripheral ICs and other 
parts. 

circuit 

The new National Semiconductor 
MM5320 mosfet circuit is the heart of 
this sync generator, and it wil l do every-
thing required of an amateur TV sync 
generator and more. You start by gener-
ating a crystal controlled 14318-kHz sig-
nal and divide it by seven to give 2045 
kHz. This is the basic clock frequency 
which drives the MM5320 and in turn 
produces all the correct sync pulses, 
both horizontal and vertical, equaliza-
tion and serration pulses, blanking, drive 
signals and color gate plus a few other 
things you may be interested in if you 
own a video tape recorder and other 
exotics. 

I expect that some amateurs will 
want to t ry color television now that 
the one-tube color camera has been de-
veloped. Thus I have included the color 
parts of the sync generator in the sche-
matic. If you don't need them, just 
leave them out. Basically the color sub-
carrier frequency of 3579 kHz is genera-
ted by dividing the crystal frequency 
down 4 times. If you do use color, you 
may want to add a trimmer capacitor to 
the crystal oscillator so you can adjust 
this signal to the exact frequency. I have 
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fig. 1. Schematic diagram of the television sync generator. A 16-pin socket is recommended 
for the National MM5320 I C (see caution in text) . L1 is 25 turns no. 24, c losewound on a 
3 / 1 6 " (5mm) diameter form. 
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also included a color-burst output which 
can be added to your signal just for fun 
even if you are using black and white 
(please use a switch so you can remove 
the signal and keep peace wi th the guys 
wi th color monitors). A color gate signal 
is also there if you need it. 

Notice that all circuits connected to 
the IC are buffered to protect the chip. 
In addition, the outputs are driven hard 
with discrete transistors to provide solid 
signals for a 72-ohm line.* Al l signals are 
negative going (for true) at the outputs. 

construction 
The transistors I used were all epoxy 

types, high-speed switches wi th a volt-
age rating of 30 volts or better. About 
five different low-cost types were tried 
and all worked okay. I did have a 
MM5320 fail, so I recommend that you 
use a 16-pin socket for the chip and 
build everything else on perfboard wi th 
number-28 tinned wire and Teflon spa-
ghetti before plugging in the chip. When 
all the wiring is completed and checked, 
ground yourself to the chassis and the 
IC holder to your fingers, then remove 
the IC from the holder and plug it in. 
Remember to keep yourself grounded 
to the chassis wi th one hand. Don't 
stroke the top of the IC or you may 
bui ld up enough static charge to turn 
the circuit o f f . Also, if you put a heat 
dissipator on the IC, ground it too as 
any charge on it may impede circuit 
action. 

The schematic also shows some verti-
cal sync-locking circuits which may be 
connected to your video tape recorder 
to keep the picture f rom rolling as you 
switch f rom camera to recorder. If you 
don' t need this, just connect pin 6 of 
the MM5320 to +5 volts and forget that 
part of the circuit leading up to pin 6. 

* l f coaxial cable is used t o carry the signal 
f r o m the sync generator to o ther equ ipment , 
add resistors in series w i t h each o u t p u t po in t 
shown in the schematic. Use 68 -ohm resistors 
fo r 70-ohm coax and 47-ohm resistors for 52-
o h m coax. 

fig. 2. Power supply for the television syric 
generator uses voltage-regulator ICs. 

Now that you have a sync generator 
right up to network standards (almost 
anyway), you are ready to convert your 
old camera over to ful l 2:1 interlace 
scan wi th correct blanking and a stable 
sync frequency. You wi l l have to figure 
out the actual interconnections but let 
me suggest using some high-voltage HEP 
(or similar) transistors to drive your 
vacuum-tube sync circuits and get rid of 
those old free-running oscillators. 

As for testing the unit, a frequency 
check is nice, but is only required for 
color. Connecting each output to my 
old Tektronix 310 scope provided nice 
sharp +5 volt signals which looked just 
like those out of the $2000 sync genera-
tor down at the local TV station. 
Quarter- or half-watt resistors work well 
everywhere and only the MM5320 got 
warm. This was solved by adding about 
two square inches of aluminum (in the 
form of an L) to the top of the IC wi th 
some five-minute epoxy (and grounding 
the heatsink). 

ham radio 
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multiplexed 
seven-segment readouts 

Surplus calculator 

digital readouts 

be easily adapted 

for other uses 
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The tremendous volume of low-cost, 
hand-held digital calculators has led to 
the appearance of a number of solid-
state digital readouts in the bargain lists. 
Many of these units are internally wired 
with common cathodes for each digit 
and all like segment anodes tied to-
gether. The units are quite small, but 
this doesn't seem to be a problem in 
calculators so they should be usable in 
frequency counters as well. 

The internal connections necessitate 
multiplexing the readout system. This 
means that each digit is activated in turn 
and is only on a small part of the time. 
In the case of a nine-digit readout, each 
numeral wil l be on only one-ninth of 
the time. If this action is repeated 30 or 
more times a second, the entire row of 
nine digits wil l appear to be on at once. 

multiplex circuit 
To accomplish the multiplexing, each 

individual digit's cathode lead is ground-
ed in turn and, at the same time, the 
common seven-segment anodes are tied 
to the proper decade through a decoder-
driver. The circuit shown in fig. 1 will 
do this using easily obtained parts. 

Briefly, the circuit works as follows; 
a 7 4 4 1 BCD-to-decimal decoder is 
driven by a 7490 counter operating with 
a 1kHz input f rom the frequency stan-
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dard countdown chain of the counter. 
This causes the ten outputs of the 7441 
to go low in sequence. Each open collec-
tor is "pulled up" by a resistor to the +5 
volt supply. As each output goes low, it 

outputs are connected through diodes 
to the ABCD inputs of the single 7448 
decoder which drives the segment 
anodes of all the digits thru current 
limiting resistors. 

driver ICS and circuitry marked with an asterisk are repeated for each decade. 

causes a pnp transistor to switch the 
five-volt supply voltage of a 7400 tied 
to the ABCD compliments (Q) of the 
7475 latch in one decade. The 7400's 

The 7448's inputs are grounded 
through resistors which hold these in-
puts low in the absence of high outputs 
from the 7400. In other words, the 
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7400 can only send high signals to the 
7448. This allows all the decades to be 
tied to the same decoder-driver without 
problems occuring when other 7400 
outputs are low since only one 7400 has 
supply voltage at any given time and 
is capable of producing a high. The 
switched supply voltage is also applied to 
an npn transistor which grounds the 
common cathode lead of the proper digit. 

The 7441 multiplex generator can 
supply up to ten digits. In the unit I 
built no attention was paid to the se-
quence of activated digits, and this was 
left to be determined for convenience of 
circuit-board layout. 

The readouts I used were advertised 
as similar to the DL-33 and have a 5 mA 
per segment rating. Surprisingly, these 
units have been operating at about 1.6 
mA per segment with adequate bright-
ness except when under direct illumina-
tion by the light over my workbench. 
Current measurement was made with 
the multiplexing off and without the 
1000-ohm resistors. Needless to say, this 
results in very low current drain for the 
nine digits. Segment current rose to 4.5 
mA with the resistors in the circuit, and 
the brightness increased considerably. 
With multiplexing, readout brightness 
and dissipation are reduced because of 
the low duty cycle, and this should 
insure long life. 

The rest of the circuitry for fre-
quency counters or other applications 
may follow any of the usual techniques 
without the display method necessi-
tating any changes. 

RUN: BUYERS & SELLERS 

****BUYERS & SELLERS**** 

WELCOM: TO BUYERS & S E L L E R S , THE WORLD'S 
FIRST AND ONLY HAM RADIO BROKERAGE. DO 
YOU NEED INSTRUCT IONS? i t would he lp 

ILLEGAL REPLY-PLEASE ENTER YES OR NO.yes 

BUYERS & SELLERS IS THE NEW NATIONAL HAM 
RADIO BROKERAGE, BEGUN BY HAMS TO BRING 
TOGETHER THE THOUSANDS OF BUYERS AND 
SELLERS OF USED AMATEUR EQUIPMENT. 
D A I L Y , THE BROKERAGE COMPILES AND CROSS-
REFERENCES ITS LISTINGS IN ORDER TO 
PROVIDE THE FASTEST AND MOST E F F I C I E N T 
SERVICE TO ITS CUSTOMERS. BUYERS I 
SELLERS OFFERS THE FOLLOWING ADVANTAGES 
TO ITS CLIENTS: 

***DIRECT BUYER-SELLER CONTACT 

***RAPID REFERRALS (WITHOUT THE USUAL 

DELAYS OF C L A S S I F I E D ADVERTISING) 

***REFERRALS IN CLOSE GEOGRAPHICAL 
PROXIMITY 

***N0 CHARGE TO BUYER WHATEVER 

***10S SELLERS FEE PAID ONLY IF A SALE 
I S ACTUALLY MADE 

WOULD YOU LIKE TO BUY OR SELLTsell 

TO SELL: CALL OR WRITE WITH A LIST OF 
WHAT YOU HAVE TO SELL AND HOW 
MUCH YOU WANT FOR EACH ITEM 
YOU MUST INCLUDE SERIAL NO.S. 
AGE, CONDITION, SPECIAL TERMS, 
ETC. 

WOULD YOU L I K E TO KNOW HOW TO BUY?yes 

TO BUY: CALL US. WE'LL PUT YOU IN 
TOUCH WITH SOMEONE SELLING WHAT 
YOU'RE LOOKING FOR IN YOUR AREA 

IS THERE ANYTHING ELSE YOU'D LIKE TO 
KNOW?what time do you get off?? 

summary 
Although the multiplex system is 

perhaps more complex, it actually has 
less circuit repetition. As the number of 
digits increases, this approach becomes 
more attractive. Its use should en-
courage construction of frequency 
counters with sufficient readout to di-
rectly display high-frequency signals 
with 1-Hz resolution. 

h a m radio 

ILLEGAL ACCESS 

STOP 

call 
or 

write 

617 536-8777 
VV F Sun 1 7 p m (>pm t.S I 
T Th Sat 6 p m ~-12 am EST 

B U V E A S L S E L L E R S 
Post Office Box 73 
Boston. Mass 0 2 2 1 5 
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low-noise uhf 
preamplifier and converter 

A simple, 

easy-to-build 

converter and 

fow-noise preamplifier 

for the 450-MHz 

The latest in the Hamtronics series of 
receiver-related projects was quite a 
challenge. I set out to develop a low-
noise receiving preamp and companion 
converter for the 432 and 450 MHz 
amateur bands and adjacent commercial 
bands. This article describes the results 
of several months work. As anyone who 
has attempted to build solid-state uhf 
gear knows, layout and construction 
technique is vital — not only to come up 
with a good basic design, but to make 
one which even works! 

My goal was to design units which 
could be duplicated easily, w i th no spe-
cial metal-working facilities. I was deter-
mined it could be done w i th a single-
sided, printed-circuit board chassis and 
simple shielding components. In the sev-
eral months it took, I researched dozens 
of old magazine articles, handbooks and 
manufacturer's application notes. I de-
signed and breadboarded at least four 
different converters and about a dozen 
preamps. A t one point, I even soldered 
the meta) can of an fet directly to the 
metaiization on a feedthrough capacitor 
to try to reduce lead inductance. That 
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gives you an idea how critical lead 
lengths are at uhf. 

Having tried many semiconductor de-
vices, the one I f inally settled on is the 
new SiJiconix J308 super-fet. This is an 
n-channel device similar to two E300 
fets in a monolithic parallel combina-
t ion. It has a very high transconduc-
tance (about 1300C>Mmhos at 450 MHz) 
and a low noise figure (about 3.4 dB at 
450 MHz if correctly matched). 

uhf converter 
The converter shown in fig. 1 uses a 

low-noise jfet mixer, Q1, w i th a high-Q, 
two-pole fi lter input which may be tuned 
to any frequency in the 400 to 500 
MHz range. It is designed to provide 
opt imum performance at low cost for 
use wi th receivers operating as an i-f in 
the range from 30 to 170 MHz. Possible 
uses include 432-MHz CW, TV, ssb, 
450-MHz fm and 450 to 470 MHz com-
mercial fm. The passband of the f ront 
end is wide enough to allow operation 
on amateur TV. 

Channel selection, for channelized 
operation, may be accomplished either 
at the i-f or by using a multichannel 
adapter in place of the built- in local 
oscillator. The converter may be used 
for scanner operation by switching oscil-
lator frequencies or by using a scanning 
receiver at the i-f. 

Because the converter has a low in-
herent noise figure, for best results it is 
recommended that it be used wi th a 
sensitive, low-noise receiver. Generally, 
due to the low-noise design of the con-
verter, the sensitivity wi l l be determined 
by the sensitivity of the i-f receiver. 
Note that the converter is not designed 
to provide additional gain to the i-f 
receiver. It is accepted practice, in mod-
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fig. 1. S chemat i c d iagram of the uhf converter. C o m p o n e n t s marked w i th an asterisk are not 
required if the mult i -channel osci l lator (fig. 7) is used. I nduc to r L S is 11-2/3 turns no. 22 ( 0 . 6 m m ) 
o n </4" ( 6 . 5 m m ) diameter, s lug-tuned coi l f o rm (carbonyl-J slug). W ind ings of other inductors 
depend u p o n operat ing f requency and are described in the text. Printed-circuit layout is s h o w n in 
fig. 2. 

ern u h f design, t o m i x d o w n as s o o n as 

possib le a n d use o n l y e n o u g h c o n v e r t e r 

gain t o o f f s e t losses in t he t u n e d f i l t e r . 

T h i s m i n i m i z e s f r o n t - e n d o v e r l o a d in 

u r b a n areas w i t h h igh level , ad jacen t -

band signals. A p r e - a m p l i f i e r m a y be 

used b e t w e e n the c o n v e r t e r and t h e i - f 

receiver i f t h e receiver has i n s u f f i c i e n t 

gain. I f des i red , a u h f p r e a m p such as 

t he o n e desc r ibed later in t h i s a r t i c le can 

be used . * 

*The fol lowing kits are being made available 
in conjunct ion w i th this article: U20-450 uhf 
converter k i t , $20; P15-450 uhf preamplifier 
k i t , $15; P25-450 uhf preamplif ier, wired and 
tested, $30; A13-45 uhf six-channel oscil-
lator adapter, $12.95; AS 10 scanner adapter 
w i th LEDs, $10. Kits are complete except for 
crystals and include predril led G-10 printed-
circuit boards. Crystal certificates are avail-
able for $5.50 each. For more informat ion, 
send a self-addressed, stamped envelope to 
Hamtronics, Inc., 182 Belmont Road, Roches-
ter, New York 14612. 
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crystals 
Thecrystals inthe converter local oscil-

lator (or in the accessory six-channel 
adapter) are series-resonant, third-
overtone, 0.002% HC-18/U types. The 
required crystal frequency is equal to 
the channel frequency minus the i-f 
frequency divided by six. One kHz is 
subtracted from the calculated crystal 
frequency to center the crystal in the 

choose one of the less popular fre-
quencies. 

converter construction 
All the vhf coils are wound clock-

wise, using the solderable wire supplied 
with the kit (other coil forms and wind-
ing techniques may be substituted if 
you elect to build with your own com-
ponents. All turns are close spaced. The 

H3.8V 

o 
MID 

fig. 2. Component layout for the uhf converter. Circuit board is shown In fig. 3. 

trimming range of the oscillator circuit. 
When the local-oscillator frequency is in 
the 400-MHz range instead of the 
300-MHz range, as used for a high-band 
i-f, the division factor is nine instead of 
six. This is necessary to place the crystal 
frequency in the 40 to B5 MHz range. 

When selecting the intermediate fre-
quency, be sure to consider the effects 
of vhf feedthrough. I did some testing 
with 146.94 MHz as an i-f, and a few 
local amateurs had signals strong enough 
that they could be heard with the vhf 
antenna disconnected. If you want to 
use a receiver on an existing channel. 

detail in fig. 1 is exaggerated for clarity, 
but all leads should be pulled tight. No 
fancy bends are required. Holes in the 
base of the coil form are numbered as 
shown. Thus, coils can be prewound and 
then installed on the board with the 
keyway oriented toward the mixer end 
of the board. Secondaries should be 
wound first, followed by primaries, fol-
lowed by insertion of the disc capacitor, 
if any. 

The leads should be inserted through 
the circuit board while the coil form is 
spaced slightly away from the board; 
then the coil form is seated into place. 
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Basic uhf converter covers the range from 420 
to 470 M H z . Printed-circuit layout is shown 
in fig. 5. 

Do not attempt to insert the leads with 
the coil form flush against board. After 
all the coils are installed, application of 
heat from a very hot soldering iron for 

10 to 15 seconds (with solder applied) 
will automatically strip the So/deron 
wire and provide a good solder bond. If 
you prefer, all leads may be stripped 
before the coil form is installed on the 
board. Do not solder-strip the leads 
unless the coil form is mounted on the 
board as the leads may migrate into the 
plastic form. 

Coil L5 is always 11-2/3 turns num-
ber 22 (0.6mm), with the winding start-
ing at terminal 4 and ending at terminal 
6. Const ruct ion of t ransformer T2 de-
pends upon the oscillator injection fre-
quency. For injection in the 300-MHz 
range the first multiplier doubles to the 
90 to 110 MHz range and the secondary 
of 12 consists of 1-5/6 turn number 22 
(0.6mm) from terminal 6 to terminal 1; 
the primary consists of 4-1/6 turns num-
ber 22 (0.6mm) from terminal 5 to 
terminal 4. A 5-pF capacitor is installed 
in holes 2 and 3. For mixer injection in 
the 400-MHz range (low i-f), the pri-
mary of T2 consists of 3-1/6 turns 
number 22 (0.6mm) to allow the multi-
plier to triple to the 120 to 150 MHz 
range. The secondary is the same as 

O Q Coo 

fjjS^i7 
fig. 3. Full-sized printed-circuit board for the uhf converter. Component layout is 
shown in fig. 2. 
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above. Other capacitors or numbers of 
turns may be used to provide resonance 
for other local-oscillator injection fre-
quencies. 

The secondary of transformer T1 is 
wound from terminal 4 to terminal 3. 
The primary is then wound from termi-
nal 2 to terminal 5 (all windings 
number 22 [0.6mm] wire). The capaci-
tor is installed between 6 and 1. For an 
i-f in the range of 140 to 170 MHz, the 

connection to the board. The variable 
capacitors will tune over a wide range to 
compensate for coil variations. Excess 
leads should be trimmed on the foil side 
of the board after soldering the number-
18 (1mm) wires to the board. 

connectors 
The popular R C A style phono con-

nectors are used for coaxial cable con-
nections to the circuit board. However, 

C6 J g 

fig. 4. Two-stage uhf preamplifier provides 15 to 25 dB gain. Capacitors C2-C5 are vertically-

mounted E. F. Johnson 9-pF air variables. Printed-circuit layout is shown in fig. 5. 

secondary should be 1-1/6 turn; pri-
mary, 51/2 turns; and capacitor, 3.9 pF. 
For an i-f in the range of 40 to 60 MHz, 
the secondary is 3-1/6 turns; primary, 
151/2 turns; and capacitor, 10 pF. For an 
i-f of 20 to 30 MHz, secondary is 4-1/6 
turns; primary, 211/2 turns; and capaci-
tor, 10 pF. Note that further adjust-
ment of the number of primary turns 
may be necessary for other frequencies. 
Smaller wire sizes may be desired at 
large numbers of primary turns so that 
this winding is near the lower half of the 
coil form. 

Coils L1, L2 and L3 are formed as 
shown in fig. 1, using number-18 (1mm) 
tinned bus wire. Forming is not critical 
because the coils are essentially straight 
pieces of wire which are bent to allow 

any connectors used in the line at uhf 
should be a constant-impedance type 
(such as type-N) for low loss; phono 
connectors and uhf-type coaxial connec-
tors put a "bump" in the line in such 
applications. Likewise, the coaxial cable 
type should be carefully chosen for low 
loss at uhf. RG-58/U coax, for example, 
has too high loss for long runs (it may 
be okay for short runs in mobile opera-
tion or for monitor applications with 
strong signals). If a transmitter is involv-
ed, a good coaxial relay should be used, 
both to minimize signal loss and to 
prevent coupling of large amounts of rf 
into the front end of the converter. 

converter alignment 
The most difficult part of the align-
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ment process is obtaining a stable test 
signal. Even my HP-608 signal generator 
takes several hours to settle down 
enough to stay within a 5-kHz passband 
at uhf. The best solution is to use a 
weak-signal source such as one of those 
described in the amateur magazines.1,2 

An on-the-air test is an alternative if you 
can find an appropriate signal. 

Start with all adjustments at about 
mid-range. Tune in the test signal and 

MOUNT FROM 
GLASS SIDE 

RFC2 FROM 
GLASS SHX 

• • , « . r —i 

ji 
MOUNT FROM 
CLASS SIDE 

fig. S. Component layout for the uhf pre-
amplifier. Circuit board is shown in fig. 6. 

peak all adjustments. If T1 or T2 do not 
peak within the range of their tuning 
slugs, an adjustment in the number of 
primary turns may be necessary. Then 
adjust the oscillator trimmer coil, L5, 
to net the converter to the channel 
frequency by monitoring the receiver 
discriminator or S-meter. Note that the 
crystal may be pulled enough to adjust 
over a range of about 10 kHz at uhf. 
The extra 1 kHz which is subtracted 

during the crystal calculation centers 
the oscillator adjustment range. 

The dc voltages shown on the sche-
matic diagram are a guide, and are based 
on using a 13.5 volt power supply. 
Probably the most common trouble, 
based on my experience with vhf pre-
amps, is a burned-out fet caused by 
excessive rf from a transmitter or tran-
sients on the B+ line from relay coils, 
etc. Diode CR1 provides protection 
from reverse transients, but forward 
voltage spikes from faulty power sup-
plies may still get through. Remember, 
if you encounter problems during initial 
tests, it is very easy to install compo-
nents in the wrong places or to make a 
cold solder joint. Double check every 
connection! 

uhf preamplifier 

The uhf preamp shown in fig. 4 is a 
two-stage grounded-gate device which 
provides a gain of 15 to 25 dB. Al-
though designed primarily for use on 
the 432 and 450 MHz amateur bands, 
the preamp may also be built for use on 
the 300-MHz a i rc ra f t band, the 
470-MHz commercial band, or the lower 
vhf TV channels. Its passband is suffi-
ciently wide for amateur TV or selected 
commercial TV channels. 

The preamp components are mount-
ed on both sides of the circuit board to 
provide the high degree of shielding 
required at uhf. Critical components are 
installed on the copper side of the board 
with absolutely minimum lead lengths. 
Feedthrough capacitors interconnect 
components on the other side of the 
board to provide thorough bypassing. 
When construction is almost finished, 
shield plates are installed between the 
input and output of each stage to pre-
vent feedback. Following is a step-by-
step summary of construction: 

1. Install the coaxial connectors from 
the fiberglass side of board by gently 
rocking them into place. Spot solder the 
four tabs on the copper side. 
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2. Spot solder the feedthrough capaci-
tors arid variable capacitors in place as 
shown in the pictorial, fig. 5. 

3. Cut number-18 (1mm) wires, form as 
shown in fig. 4, and spot solder them to 
the feedthrough capacitors and the cir-
cuit board. Loops on feedthrough can 
be cut off and solder can be applied 
directly to metalization on the ceramic. 
For each coil, first apply solder to the 
feedthrough or one pad of the board. 
Then solder that side of coil in place 
while holding the coil loop with pliers. 
Straighten as required and then solder 
the other end of the loop. Coils L2 and 
L3 should lean toward each other for 
tight coupling, about 1/8-inch (3mm) 
apart at top of loop (not shown). 

4. Bend the leads of the disc capacitors 
away from the body of the capacitor 
and tr im as shown. Solder short remain-
ing leads to strip pads on the circuit 
board. 

5. Spot solder the shields (made of 
r/2x 1 inch [38x25mm] G-10 board 
material) to ground areas, centering a 

• Q 

0 
fig. 6. Full-sized printed-circuit board for 
the uhf preamplifier. Component layout Is 
shown in fig. 5. 

Uhf preamplifier for 432 and 4 5 0 M H z uses 
two low-noise, grounded-gate fet stages. 

small notch over drain lead pad area. 
This notch must be very small to pre-
vent feedback. Realign the shield after 
tacking it in one place with solder; then 
solder the shield firmly in place. 

6. Form the fet leads, and trim the 
leads to within 1/16 inch (6.5mm) from 
edge of transistor case. Slide the drain 
lead under the shield notch and seat the 
transistor in the hole in the circuit 
board. Carefully tack solder the leads 
close to the case, but do it quickly to 
avoid overheating the fet. 

7. On the fiberglass side of board install 
the two rf chokes between C8, C10 and 
C12, leaving room between RFC2 and 
J2. Install R1 and R2 from C7 and C9 
to the board. Then install diode CR1 
with the cathode to feedthrough capaci-
tor C11 and anode to ground. 

Diode CR1 is used to protect the fets 
from reverse transients on the power 
wiring. However, diodes should also be 
installed across relay coils and other 
inductive components sharing the B+ 
line to prevent fet damage from voltage 
spikes which are generated by collapsing 
magnetic fields. 

The preamp may be aligned either in 
conjunction with a receiver or with a 
50-ohm load and an rf detector and 
sensitive vtvm. The best signal source is 
a signal generator with a variable attenu-
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fig. 7. Schematic diagram of the six-channel oscillator for use with the uhf converter. Inductors 
I .1-L6 consist of I IV2 turns no. 26 (0 .4mm) wire on V4" (6 .5mm) diameter forms with carbonyl-J 
slugs. 

ator; however, a strong transmitted sig-
nal may also be used. An insulated 
tuning tool should be used for tuning. 

Capacitor C2 wil l tune broadly while 
C3 and C5 tune sharply. In addition to 
resonating L3 to the desired frequency, 
C4 also establishes loading of the first 
stage to some extent. If there is a 
tendency for the preamp to oscillate, 
either the load on J2 is greater than 50 
ohms or C4 needs to be increased to 
place a heavier load on Q1. Capacitors 
C3 and C5 should always be tuned last, 
because they tune fairly sharply. If one 
of the capacitors peaks at maximum 
capacitance, the coil should be enlarged 
(and vice-versa). Some allowance can be 
made when the preamp is first built if 
the frequency is far removed f rom the 
440-MHz design center. 

multichannel operation 
If a multichannel oscillator, such as 

the one shown in fig. 7, is used in place 
of the built-in oscillator on the con-
verter board, the components marked 

wi th an asterisk in fig. 1 should be 
removed from the converter. The out-
put cable from the multichannel oscilla-
tor should be connected to L4 (Q4 
collector connection in fig. 1), and the 
shield should be connected to a nearby 
ground. The six-channel adapter (or as 
many as you want to use} consists of 
independent oscillators similar to the 
one on the converter board. Five volts are 
applied to individual oscillators to turn 
them on at appropriate times. DC 
switching can be done either with an 
electromechanical switch or wi th a scan-
ner adapter.3 

references 
1. Del Crowell, K 6 R I L , "Calibrated Weak-
Signal Source for 432 and 1296 M H z , " ham 
radio, September, 1968, page 20. 
2. Bruce Clark, K6JYO, " A Stable, Variable-
Output Weak-Signal Source," ham radio, Sep-
tember, 1971, page 36. 
3. Jerry Vogt, WA2GCF, "Improved Channel 
Scanner, for V H F FM," ham radio, November, 
1974, page 26. 
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parabolic reflector gain 

Graphical method 

for determining 

gain and beamwidth 

in terms of frequency 

for dish diameters 

up to 100 feet 
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The parabolic reflector, used in conjunc-
tion with an efficient feed, is probably 
the best antenna available today for use 
at frequencies over 300 MHz. Many 
articles have been written on the con-
struction1'4 and feed systems5-6 for 
proper illumination of the dish; how-
ever, few have examined the gain from a 
mathematical point of view. The inter-
relationships of antenna gain, beam-
width, and dish size are discussed in this 
article and represented graphically on an 
easy-to-use linearized nomogram. 

antenna gain and beamwidth 

The equation usually used to de-
scribe the available gain from a para-
bolic reflector, well known to all micro-
wave engineers, is:7 

Ga = 7.5 + 2 0 log D + 20 log F (1) 

where G a = gain above isotropic (dB) 
D = diameter of the dish (feet) 
F = frequency (GHz) 

When the diameter of the dish is given 
in metric terms, the gain is given by: 

Ga = 17.82 + 20 log D + 20 log F (2) 
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where D is the diameter of dish (meters), 
the other terms the same as in eq. 1. 

Interrelated with the gain equation is 
the beamwidth of the main lobe, which 
is approximated by: 

= _ 7 0 
D x F (3) 

where 0 = total half power or 3 dB 
bandwidth (degrees) 
diameter of the dish (feet) 
frequency (GHz) 

D 
F 

Again, when the diameter of the dish is 
given in metric terms, the beamwidth of 
the main lobe is approximated by: 

21.3 
D x F (4) 

where D is the diameter of the dish 
(meters), the other terms the same as in 
eq. 3. 

These equations assume that the an-
tenna has 55 percent efficiency and 
tapered illumination such that the illu-
mination on the outer rim of the dish is 
10 dB down from the illumination at its 
center or bore site. For example, what is 
the theoretical gain and half-power 
beamwidth of a 30-foot parabolic reflec-
tor on 432 MHz?* From eq. 1 the gain is 

Ga = 7.5 + 20 log 30 + 20 log 0.432 
= 7.5 + 20(1.48) + 20(9.64 -10) 
= 7.5 + 29.54 -7.29 = 29.75 dBi 

The half-power beamwidth from eq. 3 is 

0 = 3 o 7 o X 3 2 = 5 " 4 d e g r e e s 

These equations are obviously un-
wieldy, even with slide rules built speci-
fically for this purpose,8"10 especially 
in those cases where you are trying to 
compare the various factors which are 

involved. Fig. 1 is a graphical solution to 
these equations. The diameter of the 
dish, from 1 foot (30cm) to 100 feet 
(30.5 meters), is plotted along the hori-
zontal axis of the graph. Along the 
vertical axis, on the left-hand side, is the 
gain of the antenna in dBi (for gain above 
a reference dipole, subtract 2.15 dB from 
the value shown on the graph). Values 
are represented from zero to +70 dBi. 

The right-hand vertical axis repre-
sents the antenna beamwidth (main 
lobe) in degrees at the half-power 
points. Values from 128 to 0.06 degrees 
are shown. The family of curves shown 
by the diagonal lines cover frequencies 
over the range from 100 MHz to 32 
GHz. The graph is constructed so that 
values not shown are easily interpolated 
and may be drawn on the graph with a 
straight edge. 

using the nomograph 
Assuming a recent acquisition of a 

surplus 6-foot (1.8m) dish, what can 
you expect from this dish at 432 and 
1296 MHz? Draw a vertical line from 
the 6-foot (1.8m) point of the hori-
zontal axis to the 432 and 1296 MHz 
curves (interpolated on fig. 1). Draw 
horizontal lines from these points to 
both the left and right axis. At 432 
MHz, the nomograph shows that it's 
possible to get 15.5 dBi gain with a 
beamwidth of 30 degrees. At 1296 
MHz, this same dish will deliver 24.5 
dBi gain with a beamwidth of 9 degrees. 

"Using metric dimensions, what is the gain and 
half-power beamwidth of a 9.14-meter (30-foot) 
parabolic reflector at 432 MHz? From eq. 2 the 
gain is 

Ga = 17.82 + 20 log 9 . 1 4 + 20 log 0.432 
= 17.82 + 20(0.96) + 20(9.64- 10) 
= 17.82 + 19.22 - 7 29 = 29.75 dBi 

From eq. 4 the half-power beamwidth is 

0 = 9 . T 4 7 O 4 3 2 = 5 ' 4 d e 9 r e e S 
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fig. 1. A n t e n n a gain and b e a m w i d t h versus dish diameter. Dashed lines are examples 

discussed in the text. 

These gain figures are practical and 
reliable, having been attained by other 
than professionals in the microwave 
field. Through judicious use of this 
chart tradeoffs may be made easily 

among beamwidth, gain, and size, w i t h 
real-world values resulting. I 'd appre-
ciate hearing f rom those having any 
trouble w i th the use of this chart and 
wou ld appreciate comments on its use. 
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1975 ham radio 

sweepstakes winners 

WB6QVW is the 

grand prize winner — 

eight others 

win either 

Atlas transceivers 

or Icom IC-230s 
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The sixth annual Ham Radio Sweep-
stakes is over. After many busy weeks, 
both at our local post office and in our 
Greenville office, the many hours of 
opening and reading your sweepstakes 
entries are finally over. 

Much as we like all of the Sweep-
stakes excitement it was quite a relief 
when May first finally rolled around and 
we knew that it was over for another 
year. There was an excellent crop of 
entries this year, and they were matched 
with more equipment prizes than we 
have ever offered before. 

This year's prizes centered a round 
two basic choices. Four winners re-
ceived their choice of Atlas Radio's 
exciting 210 or 215 solid-state single-
sideband transceivers while another four 

Fred Moller, WN1USO, Ham Radio Adver-
tising Manager, contemplates the combination 
of an Atlas 210 and a General Class license. 
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Ham Radio receptionist Rose Jenkins picks 
the lucky winner, WB6QVW. 

winning tickets entitled their owners to 
the very much sought after Icom IC-230 
synthesized two-meter transceivers. 

The luckiest guy of all was Andy 
Ellis, WB6QVW, who won our grand 
prize. He received both an Atlas and an 
Icom transceiver. Andy can now boast 
of having the very latest, both in single-
sideband and in fm equipment. He is 
particularly excited about his prizes and 
plans to use his new Atlas 210 as a 
downlink receiver for Oscar work and 
the IC-230 to compliment the Icom 
IC-21 he already owns to give himself 
both mobile and base capability on 
two-meter fm. 

Bob Hueberger , W2NWE; George 
Past i l la , W6RRC; Con Weigand, 
WA8SCA; and David Kochendarfer, 
K4DC were the fortunate winners of the 
new ultra-compact Atlas transceivers. 
These 200-watt rigs feature broadband 
tuning and a solid signal on either ssbor 
CW. They operate on five bands; the 
model 210 handles 80,40,20,15 and 10 
meters while the model 215 covers 160 
meters in place of 10 meters. 

These rigs feature the smallest phys-
ical size and one of the hottest receivers 
in amateur radio today. Operating from 
12 Vdc they certainly represent one of 

the outstanding mobile high frequency 
transceivers ever offered to the radio 
amateur. These rigs turned the eyes of 
all the radio amateurs on our staff while 
they were here waiting for their new 
owners. 

Icom's fabulous IC-230 PLL synthe-
sized two-metertransceivers were the per-
fect prizes for Mike Bardon, WA7ZGI; 
Earl Cunningham, W5RTQ; Ira Cohn, 
K2CTK; and Charlie Spencer, K4RXX. 

This is the rig that has really been 
setting the pace in two-meter circles. 
Covering all of the standard 30-kHz fm 
repeater pairs wi th its own easy-to-use, 
built-in synthesizer, these rigs can also 
cover a number of the new 15-kHz 
channels with merely the addition of 
appropriate crystals. 

The IC-230 also boasts a very sensi-
tive receiver front end which will match 
the performance of virtually any ama-
teur fm installation. All of this conven-
ience and performance is put in a com-
pact package no larger than most of the 
crystal-type rigs now on the market. 

Ham Radio publisher, W1NLB, checks in on a 
iocai repeater with one of the Icom IC»230s 
given away in this year's sweepstakes. 

We had a lot of fun bringing you this 
year's Sweepstakes and a large vote of 
thanks is due to the many thousands of 
you who entered. Let's hope you win 
next year. 

ham radio 
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comments 

wind loading 
on antennas 
Dear HR: 

The recent article by John Nagle, 
K4KJ,1 is is very excellent educational 
article on the wind loading of towers 
and gives data and recommended design 
coefficients which I have been searching 
for. However, on the subject of wind 
loading calculations for antennas, I have 
a question. Author Nagle would merely 
choose the largest calculated area look-
ing end-on to the boom or end-on to the 
elements. Unlike the case for the guyed 
tower with the wind blowing at an angle 
with respect to the guy wires, he ignores 
this possibility when calculating the 
wind loading of beam antennas. I should 
also mention that he is not the only 
author who has used this simplified 
approach.2 

Let's take a specific case: a five-
element, 20-meter Vagi. To simplify the 
arithmetic, assume a 3-inch (7.6cm) 
diameter boom 48-feet (14.6m) long 
with 1-inch (2.5cm) diameter elements, 

1. John Nagie, K4KJ, "How to Calculate 
Wind Loading on Towers and Antenna Struc-
tures," ham radio, August, 1974, page 16. 
2. Richard lodwig, W3GNK, "Wind Force on 
a Yagi Antenna," QST, July, 1974, page 46. 

all 33 feet (10.1m) long. Using Nagle's 
approach for the boom case (wind blow-
ing perpendicular to the boom), the 
antenna area is 

3/12 x 48 x 0.66 = 
7.92 square feet (0.736m2) 

The author would choose 9.075 square 
feet (0.843m2) as the projected area to 
be used in calculating the wind iQading. 
However, the wind may not be so 
accommodating. Suppose that the wind 
is blowing at 45° with respect to the 
boom and elements. This would result 
in a force equivalent to the vector sum 
of both projected areas: 

(7.92 sin 45°) + (9.075 cos 45°) = 
(7.92 x 0.707) + (9.075 x 0.707) = 

12.015 square feet (1.117m2) 

Since designs should always be for 
the worst case, I maintain that this 
approach should be used for antenna 
wind-loading calculations. As the refer-
enced QST article points out, gusty 
winds can often act in concert with the 
natural oscillation of the tower/antenna 
system to produce deflections which are 
many times those expected of a steady 
wind. If we kid ourselves about how 
much antenna area we have on the top 
of our towers, the result could be pain-
ful. I, for one, am accepting no more 
manufacturers' ratings in this category 
without first performing my own cal-
culations. 

I have heard it said that the case I 
pose results in an overstated wind load 
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because the boom would "shadow" the 
elements behind it. A year of observing 
wind velocity and direction, with sen-
sors located at the top of my tower, has 
shown that neither wind velocity nor 
direction shows any consistency for du-
rations longer than 3 or 4 seconds. This 
is anything but laminar flow and I 
would not count on any shielding effect 
of the boom in lessening wind load on 
the antenna elements. 

Forrest E. Gehrke, K2BT 
Mt. Lakes, New Jersey 

Mr. Gehrke is, of course, quite cor-
rect in his statement that one should 
take the vector sum of a/i forces acting 
on the antenna just as for the tower 
case. For the boom and element diam-
eters assumed by reader Gehrke, the 
maximum effective area is 12.045 
square feet (1.119m2) and occurs at an 
angle of 41.11 degrees. 

Using differential calculus and the 
terminology given in fig. 1, the wind 
angle that sees the maximum area, and 
hence will develop the maximum force, 
is given by 

8 = arctan (Ab/AJ 

The maximum effective area, Aeff, is 
given by the Pythagorean theorem as 

Aefi = \Mb2 

The reason Mr. Gehrke came as close to 
the maximum force as he did in assum-
ing a wind angle of 45 degrees is because 
his element and boom areas are almost 
equal and the actual maximum wind 
force angle of 41.11 degrees is close to 
the 45 degree angle he assumed. In the 
more general case, however, the two 
areas will not be equal and the equa-
tions given above should be used. 

If one does not have an inclination 
for mathematics and wants an easy, 
conservative approach, the boom and 
element areas can be added arithmet-
ically. Since the arithmetical sum will 

always be greater than the vector sum, 
this will lead to a conservative design. 

As to K2BT's doubts concerning the 
shadowing effect of the larger diameter 
boom on the smaller diameter elements, 
/ concur. Even with laminar air flow 
(non-turbulent) where some shadowing 
may exist, I doubt that the shadowing 

, • , 

fig. 1. The angle at which the maximum area 
is presented to the wind is given by 0 = arctan 
A b /A e . 

extends further than about one boom 
diameter behind (on the lee side) of the 
boom. When dealing with element 
lengths that may extend 5, 10 or even 
20 feet (1.5, 3 or 6m) on each side of 
the boom, the shadowing, if it does 
exist, will be negligible and can be ne-
glected for all practical purposes. 

Regarding Mr. Gehrke's statement 
that he is no longer accepting manufac-
turers' antenna wind-loading ratings but 
will make his own calculations, / would 
like to quote one of Murphy's lesser 
known laws: 

"Manufacturer's spec sheets will be 
incorrect by a factor of 0.5 or 2.0, 
depending upon which multiplier gives 
the most optimistic value. For sales-
man's claims, these factors will be 0.1 or 
10.0." 

John J. NagJe, K4KJ 
Herndon, Virginia 
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tebook 

432-MHz 
OSCAR antenna 

The antenna described here is a sim-
ple approach for 432 -MHz stations who 
want to operate on the O S C A R 7 uplink 
and have high output power (100 watts 
or greater). It is similar to the slanted 
g r ound -p l ane antenna discussed by 

radiator the familiar distorted radiation 
pattern is obtained. The use of a folded 
monopo l e provides protection from 
electrical discharge and also results in a 
very low vswr — typically 1.2:1 — with-
out any special matching schemes. 

Construction details for the slanted 
432-MHz monopole are shown in fig. 1. 
The ground plane is easily made from a 
piece of sheet aluminum (such as the 
Reynolds Do-lt-Yourself material found 
in many hardware stores). A type-N 
connector mounted at the center of the 
ground plane provides the connection to 
the radiator and serves as the mounting 
terminal for the folded monopole. One 
side of the monopole is soldered to the 
center pin of the connector and the 

6-3/4" 

3/8" 195 mm) 
CLEARANCE 

\ NO. H AWG 
0.6 mm) 

1/4" (6.5 mm) 
CLEARANCE 

5) 

Q S I D E V I E W ^MONOPOLE CONSTRUCTION 

fig. 1. Ground-plane antenna with slanted folded-monopole radiator for use on the O S C A R 7 
432-MHz uplink. Ground-plane disc is 1 3 to 15 inches (33 to 38 cm) in diameter (not critical), 
1 /16" (1.5mm) or thicker aluminum. Construction of the monopole radiator is shown at B. 

K 4 G S X 1 but does not use complex 
impedance matching networks or tuned 
lines. 

The antenna, shown in fig. 1, consists 
of a ground plane and folded monopole 
radiator. By tilting the angle of the 

1. Dale Covington, K 4 G S X , " S imp le An -
tennas for Satellite Communicat ions, " ham 
radio, May , 1974, page 24 

other side is soldered to a grounding lug 
which is held in place by one of the 
connector-mounting screws. A dab of 
R T V (or similar sealant) over the con-
nector provides weatherproofing and 
completes the construction. 

While this simple antenna is not com-
parable to a fully steerable array, it 
provides good omni-directional coverage 
whenever the satellite is above 10 to 20 
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degrees elevation. Below that elevation, 
the normal high-gain 432-MHz antenna 
can be switched in for the real DX. 

Joe Reisert, W1JAA 

audio transducer 
The audio transducer shown in the 

photograph (fig. 2) with all the other 
gear is a modified permanent-magnet 
speaker with its voice coil removed and 
its diaphragm intact. It is a tactile aid. 
Mine was made from an old PA system, 
but it can be made from any loud-
speaker. The core is magnetic and vi-
brates strongly at a low audio fre-
quency. 

fig. 2. Gayle Sabonaitis, W A I O P N , can copy 
CW up to 25 wpm using the audio transducer 
she is using in this photograph. 

Bui lding the transducer is quite 
simple — all that is needed is a discarded 
loudspeaker. When the coil is removed, 
it is advisable to enclose it in a metal 
box so it will not get crushed (the plas-
tic cone is easily broken). It is a good 
idea to use an 8-ohm speaker as deaf 
persons respond best to low-impedance 
speakers because the vibrations are 
stronger. 

Gayle Sabonaitis, W A 1 0 P N , a student at the 
Perkins School for the Blind in Watertown, 
Massachusetts, is both blind and deaf and has 
been licensed for three years. She is presently 
preparing to take the Advanced class exam. 

I have used an audio transducer for 
five years and find it much easier than 
headphones. I do not have any hearing 
left — it all disappeared a few years ago 
and headphones can be very confusing 
— it is difficult to copy CW with only a 
little hearing left. I can copy CW at 25 
wpm and send at 18 wpm. These speeds 
may appear to be an overstatement 
when said by a deaf amateur who has 
only been on the air three years, but they 
are not an exaggeration and are possible 
with the help of an audio transducer. 
However, I usually copy about 18 wpm 
when there is too much interference. 
Some deaf-blind hams can copy faster 
than this because they have had much 
more practice. 

Gayle Sabonaitis, W A 1 0 P N 

gated oscillator 
The circuit shown in fig. 3 is a versa-

tile, minimum-cost oscillator using a mini-
mum of components. It can be made to 
operate from less than 100 kHz to over 80 
MHz by selecting a 74S00 for any operat-
ing frequency above 20 MHz. The output 
is a square wave swinging between about 
0.4 volt and 4.5 volts. The oscillator can 
be started and stopped by switching the 
oscillator gating input between zero and 
5 volts. If this feature is not desired, the 
N A N D gates may be replaced by three 
sections of a 7404 hex inverter, result-
ing in a package count savings of one 
fourth. All external components are the 
same as those shown. 

Doug Schmieskors, WB9KEY 

GATING INPUT 
(m • OSC ONI ^ XTAl <[_j 

7400 J 3 ^ T ^ l l h - ^OOj^ 
1/4 

7*00 
OUTPUT 

fig. 3. Simple gated oscillator circuit can be 
used f rom 100 kHz to 80 MHz . For use above 
20 MHz , select higher speed 74S00 ICS. 
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group. A rear panel switch selects alpha-
bet only or full alphanumeric. 

The keyer port ion of the IK-440 
provides self-completing dots, dashes 
and spaces, instant start, dot memory, 
weight control, iambic mode and built 
in sidetone. Front panel controls are 
provided for volume, pitch, weight, 
speed, on-off, tune, self-test and "keyer-
code practice." The IK-440 will key 
±300 Vdc at 200 mA in either the keyer 
or code practice mode. Output switch-
ing is solid state. Price of the IK-440 is 
$224.95. 

For further information, contact 
Curtis Electro Devices, Inc., Box 4090, 
Mountain View, California 94040, or 
use check-off on page 94. 

code-teaching keyer 500 MHz prescaler 

Inslruolakoyar ® , 

Code practice has suddenly become 
more efficient and interesting because 
of a new development from Curtis Elec-
tro Devices. Their new IK-440 Instruct-
okeyer provides an infinite variety of 
code groups allowing unlimited practice 
for higher proficiency. In addition, the 
IK-440 is a state-of-the-art keyer which 
uses the new 8043 keyer-on-a-chip IC. It 
uses no motors or tapes. 

The all solid-state unit sends random 
groups of Morse letters, numbers, punc-
tuation and word spaces in an ever 
changing sequence which never exactly 
repeats. Code speed is adjustable from 4 
to 50 wpm. Code groups are of varying 
lengths but average five characters per 

Levy Associates has broken the 
frequency-measurement barrier with a 
prescaler that will count to 500 MHz. 
Requiring only 150 millivolts to oper-
ate, this prescaler is guaranteed to re-
spond to 500 MHz minimum, and will 
typically operate to 550 MHz. Division 
by ten and one hundred is provided, and 
the TTL compatible outputs provide 
adequate drive for all commercial and 
home-built counters. 

The combination of high input impe-
dance (500 ohms) and high sensitivity 
makes possible easy measurement of low-
power transmitters. The frequency of a 
one-watt transmitter can be measured at 
four to six feet using only a %-wave 
whip antenna to drive the prescaler. 
Overload protection is provided up to 2 
volts input. 

The prescaler is complete including 
117-Vac power supply on a 3x4-inch 
( 7 . 6 x 1 0 . 1 - c m ) circuit board, small 
enough to fit inside many counters. 
Available from stock as a kit, with all 
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parts, drilled circuit board arid instruc-
tions, $89.00; or completely assembled 
and tested, $109.00 (plus $.85 postage 
and California sales tax if applicable). 
For more information write to Levy 
Associates, Post Office Box 961R, 
Temple City, California 91780. 

ameco equipment 
The popular line of Ameco amateur 

equipment is now available directly 
from the manufacturer. Included in the 
line are lowpass transmitting filters, 
highpass TV filters, all-band preampli-
fiers, a standing wave bridge and bridge 
indicator unit, code practice oscillators, 
and a novice CW transmitter kit. Also 
available are heavy duty 572B/T160L 
power triodes (replace 811 As), type-
UHF rf connectors and economy slide 
switches. For a copy of their latest 
catalog, write to Ameco Equipment 
Company, 314 Hillside Avenue, Willis-
ton Park, New York 11596, or use check-
off on page 94. 

MFJ catalog 
The new MFJ catalog of amateur 

radio equipment describes many new 
products, including CW and ssb audio 
f i l ters, electronic keyers, frequency 
standards, audio amplifiers, active fil-
ters, printed-circuit boards and elec-
tronic components. Copies of the cata-
log and additional information are avail-
able from MFJ Enterprises, Post Office 
Box 494, Mississippi State, Mississippi 
39762, or use check-off on page 94. 

short circuit 
The new Jackson Brothers high-

precision trimmer capacitor described 
on page 65 of the March, 1975, issue of 
ham radio is known in this country as 
the N.R.P. capacitor. Trimtine, the name 
used in England, cannot be used in this 
country as it is a trade name owned by 
another firm. 
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of over 25 years of practical experience in the 
two-way radio field. They are rugged, reli-
able and built wi th infinite care to assure 
top performance. Models available to f i t all 
standard mounts and for all popular ama-
teur VHF frequencies. Each is equipped with 
the exclusive Larsen Kulrod, your assurance 
of maximum efficiency and no loss of RF 
through heat. Comes complete with all in-
structions. Models for 2 meters deliver a ful l 3 
db gain over 1/4 wave w h i p s . . . the 420-440 
MHz and 440-460 MHz collinears. . . 5 db 

gain and full 100 watts capability. 
Sold with a full money back guarantee . . . 
the most liberal in the mobile antenna field. 
Whether you work via repeater or simplex 
you deserve to have a Larsen Kulrod. Get 

ful l fact sheet and prices, today. 

® K u l r o d 
a UiKJem.uk of L.wsun E lec i romcs 

rsen Antennas 
11611 N.E. 50th Ave. P.O. Box 1686 

Vancouver, WA 98663 
Phone 206/573-2722 

More Details? CHECK-OFF Page 94 July 1975 GB 61 



$1.00 

h> 
focus 

on 
communications 

technology . . . 

ham 
radio 

magazine 

A U G U S T 1975 

500-WATT 
POWER AMPLIFIER 

FOR 160 METERS 

this month 

• fm alignment 
techniques 14 

• programmable 
keyer memory 24 

• solid-state 432-MHz 
linear amplifier 30 

• adjustable IC 
voltage regulators 36 



ham 

radio 
magazine 

August, 1975 
volume 8, number 8 

s t a f f 

James R. Fisk, W1DTY 
editor-in-chief 

Patricia A. Hawes, W N l Q J N 
assistant editor 

J. Jay O'Brien, W6GO 
f m editor 

James A. Harvey, W A 6 I A K 
James W. Hebert, WA80BG 

Joseph J. Schroeder, W9JUV 
Alfred Wilson, W6NIF 

associate editors 

Wayne T. Pierce, K3SUK 

T.H. Tenney, J , . = Q Q J | ^ g 

Fred D. Moller, Jr., WN1USO 
advertising manager 

offices 

Greenville, New Hampshire 03048 
Telephone: 603-878-1441 

ham radio magazine is 
published monthly by 

Communications Technology, Inc 
Greenville, New Hampshire 03048 

subscription rates 

U.S. and Canada: one year, $8.00 
two years, $13.00; three years, $18.00 

Worldwide: one year, $10.00 
two years, $17.00; three years, $24.00 

Foreign subscription agents 
Canada 

Ham Radio Canada 
Box 114, Goderich 

Ontario, Canada, N7A 3Y5 

Europe 
Ham Radio Europe 

Box 444 
194 04 Upplands Vasby, Sweden 

France 
Ham Radio France 

20 bis. Avenue des Clarions 
89000 Auxerre, France 

United Kingdom 
Ham Radio UK 

Post Office Box 64, Harrow 
Middlesex HA3 6HS, England 

African continent 
Holland Radio, 143 Greenwav 

Greenside, Johannesburg 
Republic of South Africa 

Copyright 1975 by 
Communications Technology, Inc 

Tit le registered at U.S. Patent Office 
Printed by Wellesley Press, Inc 

Framingham, Massachusetts 01 701, USA 

Microf i lm copies of current and 
back issues are available f rom 

University Microf i lms 
Ann Arbor, Michigan 48103 

Second-class postage 
paid at Greenville, N,H. 03048 

and at additional mailing offices 

8 160-meter linear amplifier 
S. Albert Segen, W2BP 

14 fm alignment techniques 
Joseph J. Carr, K4IPV 

24 programmable keyer memory 
Andrew B. White, WA9LUD 

30 solid-state 432-MHz linear power amplifier 
Lance G. Wilson, WB6QXF 

36 adjustable voltage regulator ICs 
Douglas R. Schmieskors, WB9KEY 

39 calibrated keyer time base 
George W. Jones, W1PLJ 

42 latch circuit for transmitter control 
William P. Lambing, W0LPQ 

46 fet-controlled battery charger 
G. Kent Shubert, WA0JYK 

50 QRP transmitter 
Edward M. Noll, W3FQJ 

56 RTTY audio-frequency keyer 
William H. King, W2LTJ 

4 a second look 
94 advertisers index 
50 circuits and techniques 
83 flea market 

60 ham notebook 
62 new products 
94 reader service 

6 stop press 

august 1975 C9 3 



a second look fisk 
It doesn't seem possible, but it was on ly 
ten years ago that the price of field-
effect transistors f inal ly dropped to the 
point where it became possible to use 
them in amateur radio projects. Those 
early fets, which were l imi ted to audio 
frequencies, were soon replaced by de-
vices which worked well in to the high-
frequency range, and later, t o vhf and 
uhf. Now, advances in gal l ium arsenide 
(GaAs) technology have produced field-
effect transistors which exhibi t an avail-
able gain of 18 dB and min imum noise 
figure of 4 dB at, get this, 10,000 MHz. 

If this sounds like science f ic t ion, 
consider the fact that these 10-GHz fets 
are only the t ip of a much larger iceberg 
— by the end of the year it's expected 
that advanced devices wi l l move in to the 
15-GHz region, and in several years, pos-
sibly to 25 or 30 GHz. A l though prac-
tical circuit experience is sti l l somewhat 
l imited, many researchers feel that these 
new devices combine the best char-
ac te r i s t i cs of Schot tky and tunnel 
diodes, but w i thou t the isolation prob-
lems inherent in two-terminal devices. 

A l t h o u g h these fets are usually 
thought of as small-signal devices, cellu-
lar GaAs fets have been combined to 
fo rm very eff ic ient linear amplif iers 
which rival the best bipolar (inears down 
to about 4 GHz (gain is so high at lower 
frequencies it's practically impossible to 
bui ld uncondi t ional ly stable amplif iers). 

Most of the research so far has been 
devoted to single-gate fets, but dual-gate 

structures have been bui l t and they 
show great promise. Their noise figure is 
a bi t higher than the single-gate fet , but 
the dual-gate version has higher gain. 
Furthermore, the dual-gate GaAs fet has 
a large gain modulat ion range so it's 
suitable for use w i th age. 

In addi t ion t o their use as linear am-
plifiers, these fets are f ind ing applica-
t ions as oscillators and mixers for inte-
grated microwave receiver f ron t ends. 
Since the GaAs fet exhibits a large dy-
namic range w i th conversion gain, it 
may eventually replace diode mixers at 
microwave frequencies. As an example 
of an fet mixer, scientists at Raytheon 
recently showed an 8-GHz GaAs fet 
mixer w i t h a 7.8 dB noise figure and 
third-order intercept point at + 1 8 d B m . 
Low-level tunnel-diode mixers for this 
same frequency have a noise figure 
which is about 1 dB lower, but gain is 
also lower and the third-order intercept 
point is on ly +5 dBm. However, other 
researchers have shown that the noise 
f igure of the fets can be reduced con-
siderably by cooling and predict that 1 
to 2 dB noise figures wi l l eventually be 
possible at 10 GHz. 

So we come fu l l circle . . . ten years 
ago a 1 or 2 dB noise figure at 144 MHz 
was just barely possible, but on ly if you 
were wi l l ing to use a complex param-
etr ic amplifier. 

Jim Fisk, W1DTY 
editor-in-chief 
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pressklp 
REPEATER LINKING (Docket 20073) okayed by the FCC, will be permitted after 

July 11th. Limitations are that linked repeaters must operate on the same band 
(cross-banding linked repeaters will be covered later with Docket 20113), licen-
see of each repeater in a linked system must submit a new system network diagram 
showing all stations in the system. 

Repeater Automatic Control (Docket 20112) also approved, requires that re-
peaters operated without a control operator must record their transmissions for 
later review, incorporate procedures to shut the system down for "malfunctions 
or improprieties." No modification of existing repeater licenses is required by 
the terms of the Report and Order, which goes into effect July 28th. 

"Closed Repeaters" (defined as "repeaters used only by persons specifically 
authorized by the control operator") are exempted from the requirements for re-
cording and review — such systems typically require some form of coded access. 

HIRAN DOCKET is definitely warming up as FCC's Office of Chief Engineer has 
asked Amateur And Citizen's Division for its list of coast area frequency coordi-
nators. Lab and/or field testing to determine interference potential is a strong 
possibility, and if such tests get complicated they could further delay any de-
cision on whether HIRAN will end up in the 420-450 MHz Amateur band. 

WARC 1979's last open slot, chairmanship of 1296 MHz and up Task Force, has 
been filled by Chuck Dorian, M3JPT. Initial work of some WARC groups has begun 
with mailings and telephone discussions. 

MID-CONTINENT AMSAT NET is moving from 3850 to 7280 kHz for its regular 
9:00 PM Tuesday night (0200Z Wednesday morning) sessions, at least for the 
summer. This should reduce QRN and propagation problems, may encourage some 
additional participation from AMSAT members not on 75 meters. 

Another Mode Jump occurred in OSCAR 7 on June 22nd. Any listener who heard 
the satellite go from Mode A to Mode B or simply didn't find it on the scheduled 
mode as expected could help AMSAT by dropping a note to Box 27, Washington, 
D.C. 20044. 

New Satellite Amateur Band proposed by Bob Haviland, W4MB, head of the WARC 
'79 Task Force on 27-1296 MHz amateur allocations. A "propagation optimum" 
exists in the 900-MHz region, so Bob proposes a secondary amateur allocation 
for space communications only in the 33cm area. He also proposed that satellite 
allocations in other amateur bands be broadened. 

Another AMSAT Project Leader is sought, this time to oversee design and con-
struction of low cost 2- or 10-to-BC band converters (with bfo) for use in 
schools with AMSAT's educational program. 

SEVERE RESTRICTIONS ON TRANSMITTERS proposed for Texans. A set of regulations 
restricting all rf electromagnetic radiation has been written up by the Texas 
State Department of Health Division of Occupational Health and Radiation Con-
trol. They would effectively prohibit hand-held or even mobile transmitter use 
in the state because of their unreasonably low levels of permitted exposure. 
In addition, the proposed regulations would severely limit the power output of 
fixed stations — and would, of course, cover public service and broadcast as 
well as Amateur and CB. 

Whether A State even has the power to make such restrictions is question-
able — the Communications Act of 1934 gives the Federal government jurisdiction 
over radio communications — but if the proposal should be adopted anyway, a 
lengthy (and expensive to the taxpayer) court battle would undoubtedly result. 
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500-watt 
power amplifier 

for 160 meters 
Modifying the 

Heath HA-14 

or SB-200 

for top-band 

operation 

With the recent decrease in sunspot 
activity and fewer DX openings on 10 
and 15 meters, interest in the 160-meter 
band operations has increased markedly. 
And, in the future, with Loran A vacat-
ing the band, we can expect full use of 
160 meters with restoration of full 
power. 

( first got on 160 in late 1968, 
completed my 160-meter WAC in 1973 
and my 160-meter country total now 
stands at 74 with nearly half on ssb. The 
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160-meter band is now my primary 
amateur interest and in April, 1972, I 
went on a one-operator, seven-country, 
160-meter DXpedition into the eastern 
Caribbean.1 

Amateur stations in the states and 
provinces along the Atlantic and Pacific 
coasts are generally restricted to 100 
watts input power at night and 500 
watts during the day. The idea of 500 
watts of daytime power is very appeal-
ing, particularly for use during those 
short periods around sunrise and sunset 
when long-range DX contacts can be 
made on occasion. 

Sometime ago I picked up a Heath 
HA-14 linear rf power amplifier for use 
on 10 through 80 meters. The HA-14, 
known as the "Kompact KW," was orig-
inally designed for mobile use although 
separate ac and dc power supplies were 
available. It appeared that the HA-14 
could be modified for operation on 160 
meters, so another was obtained. The 
HA-14 is no longer in production but 
units invariably turn up at amateur flea 
markets and auctions. The current pro-
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fig. 1. Schematic of the Heath HA-14 modified for operation on 160 meters. Components with 
100-series part number (R101, C101, etc.), are added. 

duction Heath SB-200 is much like the 
HA-14 rf circuit; modifications unique 
to the SB-200 will be treated later in 
this article. 

The modifications described are for a 
1 kW ssb amplifier operating over the 
range from 1800 to 2000 kHz. Some 
performance will be compromised when 
the amplifier is used at a CW level of 
500 watts input. 

design factors 
Before modifying a proven unit like 

the HA-14, I felt it was appropriate to 
go through some of the basic design 
calculations for the output pi-network. 
Using a plate supply voltage of 2100 
volts and an input of 1 kW peak ssb in 
class-B linear operation, the plate load 
impedance was calculated to be about 
2800 ohms. This plate impedance re-
quires a pi inductance of about 21 juH 
and a tuning capacitance around 440 

pF.2 Happily, these values could be 
accommodated in the space available 
within the HA-14. 

With the HA-14 operating at 500 
watts input on CW, the plate load impe-
dance is essentially doubled, requiring 
an inductance far larger than the room 
available in the HA-14. Therefore, using 
component values calculated for 1 kW 
ssb input, amplifier efficiency is some-
what lower at 500 watts C W but there 
still is a worthwhile power increase. 

modifications 
A schematic diagram for the 160-

meter HA-14 power amplifier is shown 
in fig. 1. A s there are no changes re-
quired in the grid circuit, that portion 
of the amplifier is not included in the 
diagram. The values of the original plate 
choke, RFC1 , and bypass capacitor, C1, 
are not high enough for operation on 
160 meters. The addition of choke 
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RFC101 in series with RFC1 and capac-
itor C101 in parallel with C1 solve this 
problem. The location of these parts is 
shown in fig. 2. 

All components in the plate circuit 
tank compartment are removed except 
the variable capacitor and the wiring 
harness. I chose not to destroy the 
original coil and was able, with care, to 
disassemble the multideck bandswitch 
by loosening all the assembly screws. 
This allowed the original coil to be 
removed without cutting any coil con-
nections to the deck switch. 

The output capacitor, C105, consists 
of three capacitors in parallel which are 
mounted on the rear wall of the com-
partment. One is a husky 2000 pF mica 
while the others are 500 pF postage-
stamp micas (see fig. 3). Do not skimp 
on the quality or size of these capacitors 
as considerable rf current flows at this 
point. 

The pi network inductance, L102, has 
37% turns, the quarter turn used to pro-
vide mechanical support as can be seen in 
fig. 3. When initially cut from a B&W 
3026 air inductor (2 inch [51 mm] diam-
eter, 8 turns per inch, [3.1 turns per cm], 
10 inches [25cm] long), 39 turns were 
used. Almost two turns were unwound 
at the antenna end of the coil to permit 
the use of the polystyrene support rods 
as short standoff insulators for support 
at the left side of the compartment. A 
ceramic standoff insulator at the an-
tenna end provides further mechanical 
support. 

The 350 pF capacitor (C18 in the 
original circuit) is used as part of the 
plate tuning circuit and is mounted on a 
piece of aluminum strip along with the 
coupling capacitor, C14. Capacitor C18 
is installed on the right side of the 
compartment and acts as a support for 
the hot end of inductor L102. 

All the input coils and capacitors are 
removed at the same time the original 
tank circuit is removed. I was not suc-
cessful in designing an input pi-network 
with essentially flat vswr over the range 

of 1800 to 2000 kHz without some sort 
of retuning at each end of the band. The 
circuit I finally worked out proved to be 
simple, effective and used a minimum of 
parts - inductive coupling of the exciter 
into the bifilar filament choke. The 
bifilar choke remains in place as in the 
original HA-14 except that a third wind-
ing is carefully wound onto the bottom 
end (see fig. 4). 

fig. 2. High-voltage compartment of the HA-
14 showing the added plate choke and bypass 
capacitor. 

This input assembly, which is labeled 
L101 in fig. 1, is resonated to 160 
meters by capacitor C102 (three 300-pF 
and one 200-pF mica capacitors in par-
allel). Do not try to get away with too 
few capacitors here as there is an appre-
ciable rf current flow. The third winding 
on the bifilar choke consists of 6% turns 
of number-20 (0.8mm) stranded, insu-
lated wire, held in place by Duco cement. 

measuring dc power input 
The HA-14 has no provision for 

measuring either plate voltage or plate 
current, but this is easily corrected. 
Whatever the merits the vswr bridge 
may have had when the HA-14 was used 
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in an automobile, for fixed-base opera-
tions everyone should have a decent 
vswr bridge. The HA-14 meter has six 
divisions which readily permits full-scale 
readings of 6000 volts and 600 mA. The 
vswr function was abandoned. 

The vswr switch and variable resistor 
were removed, a new rotary two-pole 
two-position deck switch was installed, 
and a meter circuit arranged for moni-

ffg. 3. Pi-network compartment of the 160-
meter Heathkit HA-14. 

toring dc power input. Since another 
wire is to be added to the power cable 
to measure plate current with the ampli-
fier meter, a new cable is needed. I used 
a cable four-feet (1.2m) long with 
number-14 (1.6mm) wires for the ac 
and filament lines. 

Plate current is measured by inserting 
a one-ohm resistor in the high-voltage 
ground return in the Heath HP-24 pow-
er supply and using the amplifier panel 
meter as a voltmeter to measure the 
voltage drop across the resistor. Open 
the ground return lead of diode CR14 
and insert the one-ohm resistor. Since I 

didn't have a one-ohm resistor, I used 
ten 10-ohm resistors in parallel. Fig. 5 
shows the location of the resistor bank, 
R201, in the circuit. The hot end of the 
resistor is then wired to pin 1 of the 
HP-24 octal power socket and then 
through the new power cable to pin 4 of 
the HA-14 connector. Within the HA-14 
a wire is run from pin 4 on the power 
socket through the cable bundle to 
R101 and then to S101. 

The HA-14 A L C threshold level is set 
by a resistive voltage divider across the 
high>voltage line (R1 thru R7) in the 
HP-24 power supply. A level of approxi-
mately 6 volts dc is brought through pin 
9 to the right-hand terminal of the strip 
seen in fig. 4 and makes an ideal point 
to use for measuring plate voltage. From 
that point a 10k resistor, R102, goes to 
switch S101; S101 is used to switch 
between plate voltage and plate current 
readings. While a dpdt toggle switch 
could be used for S101, I used a rotary 
switch so the front panel of the HA-14 
would retain its original appearance. 

Blinking of the pilot light during 
modulation or keying is cured by the 
addition of capacitor C104. More effec-
tive rf bypassing at the bifilar choke was 
accomplished by adding C103. To retain 
the panel's original appearance, an old 
variable resistor from my junk box was 
used to fill the hole left by the removal 
of the bandswitch. 

test procedure 
The initial testing of an rf amplifier 

of this power level requires a good 
50-ohm dummy load capable of han-
dling the power. Vswr bridges at both 
the input and output are essential. It is 
highly recommended that an rf power 
output meter be used if overall perform-
ance and efficiency are to be determined. 

With minimum power output from 
the exciter, turn on the HA-14. There 
should be no mistaking the closure of 
the HA-14 antenna relay when you key 
the exciter. Rapidly turn the tank ca-
pacitor, C15, to resonance as indicated 
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by maximum power output. C15 should 
be about two-thirds meshed at the 
1800-kHz end of the band and near 
minimum at the 2000-kHz end. 

Next test the dc power metering. 
Because of the high voltage involved, 
these tests can be extremely dangerous 
and should never be made without a 
responsible and knowledgeable person 
in the shack with you. From Heath 
specifications and my own tests, the 
no-load voltage on the power supply is 

Next test the input circuit. A vswr 
bridge between the exciter and the HA-
14 should indicate a vswr of 1:1 when 
the exciter is keyed and the HA-14 is 
putting out power. If this is not the 
case, temporarily solder another 100 pF 
capacitor across C102. If the vswr im-
proves, it means that C102 is not large 
enough; if the vswr worsens, it means 
C102 is too large and the 200 pF should 
be reduced 100 pF. If you find you 
cannot bring the input vswr to 1:1 by 

fig. 4. Input network and metering circuit. 

about 2500 volts dc. Slight changes in 
the value of R102 may be necessary to 
bring the panel meter to a 2500 volt 
reading (2.5 on the swr scale). 

With a reasonably accurate 500 mA 
meter in series with the high-voltage 
cable, increase the drive from the exciter 
to produce 200 mA current flow in the 
HA-14. The HA-14 panel should indi-
cate 200 mA (2 on the swr scale). A 
slight adjustment in the value of R101 
may be necessary to bring the HA-14 
meter into agreement. 

adjusting the value of C102, use that 
value at CI02 which brings the vswr to a 
minimum and work on the third wind-
ing of L101, adjusting the number of 
turns until the vswr is 1:1. 

When the input vswr is satisfactory 
and the output circuit is tuned to reso-
nance, increase exciter drive until the 
HA-14 plate current is 250 mA; this is 
500 watts input. Output power is about 
260 watts for an efficiency of about 52 
per cent. Amplifier power gain is about 
6.7 dB (55 watts drive for 260 watts 
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output). Increasing exciter drive until 
the HA-14 plate current is 400 mA 
produces approximately 800 watts in-
put (the key should be held down no 
more than 5 seconds). Power output is 
450 watts for an efficiency of about 56 
per cent. Power gain is about 7 dB (90 
watts drive required for 450 watts 
output). 

Now you can connect your antenna. 
However, the antenna should have 
reasonably good vswr. If your antenna is 
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fig. 5. Partial schematic of the Heath HP-24 
power supply sfrawrng the addition of resistor 
R201 to permit plate-current monitoring. 

not reasonably flat, you are going to run 
into problems. The variable tank capaci-
tor, C15, because of its limited range, 
may not be able to bring the tank 
circuit into resonance if the amplifier 
load is too far off from 50 ohms 
resistive. 

Heath SB-200 modifications 
The rf circuits in the HA-14 and 

SB-200 are almost identical. While the 
HA-14 has C18 (a 350 pF, 5 kV capaci-
tor), the SB-200 has no such capacitor. 
It can be obtained from a regular parts 
supplier. Heath is the source of the 
choke RFC101 (Heath part 45-61, 50 
/liH rf choke) used in both the HA-14 
and the S B - 2 0 0 160-meter modi-
fications. 

Because of the extensive metering in 
the SB-200, the metering changes de-
scribed for the HA-14 are not required. 

This saves time and parts when modify-
ing the SB-200. In addition, the vswr 
bridge is retained. 

A variable pi-network output capaci-
tor is used in the SB-200. While a fixed 
2000 pF mica capacitor must be added 
to the output network as in the HA-14, 
the variable capacitor in the SB-200 
should give some added control over 
antenna loading. 

I have not modified a SB-200 but an 
inspection indicates the following items 
should be considered: C11 and C19 
(bifilar choke bypasses) should be in-
creased to 0.05 juF. Capacitor C12 may 
have to be removed. While C102 in the 
HA-14 has one side grounded, in the 
SB-200 this 1100 pF capacitor should 
be placed directly across one of the 
windings of the bifilar choke. 

The bench checks of amplifier gain 
were substantiated on the air. There 
were not many reports as daytime activ-
ity on 160 meters is quite low. Never-
theless, during one major contest an ssb 
contact with Hawaii occurred at sunrise 
with the amplifier in use — my signal 
was not readable while I was running 
barefoot. 

I estimate that no more than six 
hours are required to make the modifi-
cations to the HA-14 and less for the 
SB-200. Except for the plate choke 
RFC101 (which is available from Heath) 
all parts are quite standard. Parts cost is 
less than $15 if all parts are purchased 
new, the most expensive item being the 
tank coil, L102. For the SB-200 modifi-
cation only the 350 pF, 5 kV, capacitor 
needs to be obtained. No attempt 
should be made to run the HA-14 at 
1000 watts input on CW - the tubes 
would probably collapse. 

references 
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160-meter DXpedition," Wortdradio News, 
August, 1972, page 8. 
2. Irvin M. Hoff, W6FFC, "High-Frequency 
Power Amplifier Pi-Network Design," ham 
radio, September, 1972, page 6. 
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There are two seemingly complemen- x: 
tary diseases which affl ict large numbers o 
of amateurs: "alignaphobia" and "align- ^ 
atosis". The first of these is character- <n 

CM 
ized by an absolute terror of making 
any attempt to align any electronic a. 
circuit. The etiology of the disease 2 
probably lies in a very conservative (e.g. 
don't touch I) early education in elec- ^ 
tronics reinforced by a lack of self « 
confidence, the kind nurtured best by -> 

some mystical commodity usually called 
"experience." The latter disease, on the 
other hand, causes the victim to inexpli-
cably twist, turn and adjust everything 
in sight with neither rhyme, reason nor 
clearly defined purpose. Which is to be 
most feared is best left to the philoso-
phers. The purpose of this article is to 
offer a little insight which wil l help both 
sufferers along; at least where fm re-
ceivers are concerned. 

typical fm receivers 
Knowledge has a way of alleviating 

both forms of alignment syndrome pro-
vided it is supplied in big enough doses. 
This need not be frightening as the 
proper dosage is surprisingly close to 
t h a t level required to pass the 
technician/general class examination. 
Toward that end let us consider first a 
couple of the more popular fm super-
heterodyne designs. 

Fig. 1 shows the block diagram of 
one typical superheterodyne fm re-
ceiver. The front end converts the 
146-MHz vhf fm signals to a lower, 
more manageable intermediate fre-
quency through a process of heterodyn-
ing the rf signal against that from a local 
oscillator. Most amateur receivers or 
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transceivers use three to five transistor-
ized i-f amplifier stages and, sometimes, 
a limiter. Another popular alternative, 
providing at least as much gain, is the 
use of one or two very high-gain \Cgain 
blocks of which there are several readily 
available. 

The final stage, prior to the audio 
section, is the fm demodulator. This 

against the output of a crystal oscillator 
to produce a low i-f in the vlf range 
(typically 455 kHz). 

The problem of aligning an fm re-
ceiver is primarily in learning to recog-
nize detector types and knowing the 
proper procedure for that type with 
which you are confronted. There are 
three basic types of fm detectors in 

fm receiver. AUDIO OUTPUT 

stage processes the frequency-
modulated i-f signal to extract the orig-
inal audio information. In some re-
ceivers it also serves to supply the dc 
feedback control voltage used to drive 
any automatic frequency control (afc) 
circuits which might be used in the 
receiver. 

Many fm receivers are actually dual-
conversion jobs such as shown in the 

general use: discriminator (Foster-
Seeley), ratio detector, and quadrature 
detector. I recognize that others exist 
but not in sufficient incidence to war-
rant coverage here. 

Fig. 3 shows a simplified but essen-
tially complete version of the Foster-
Seeley fm discriminator. In this circuit 
signal voltages from the primary of T1 
are added to signal voltages in the 

block diagram of fig. 2. In this system 
the front end converts the rf signal to 
the same high i-f (usually 10.7 MHz 
although other frequencies are some-
times used) as used in single-conversion 
designs. This signal is then heterodyned 

secondary. When the signal frequency is 
exactly equal to the frequency to which 
the secondary is tuned the output volt-
age will be zero. Deviation, whether 
caused by a shift in carrier frequency or 
by the process of frequency modula-
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tion, wil l produce a positive or negative 
output voltage depending upon the di-
rection of frequency shift. This varying 
output voltage is the audio signal. 

Another traditional fm detector is 
the ratio circuit of fig. 4. There are two 
immediate characteristics of this circuit 
which distinguish it from the Foster-
Seeley discriminator: the diodes point 
in opposite directions and the circuit 
includes an electrolytic capacitor (C3). 
The capacitor is sometimes referred to 
as an a-m suppression capacitor as it by-
passes amplitude variations sufficiently 
to reduce the need for a limiter. In 
the ratio circuit the relative charges on 
capacitors C1 and C2 will have a 2:1 
ratio when the i-f frequency is precisely 
equal to the resonant frequency of the 
secondary of the transformer. Fre-
quency deviation causes the ratio to 
change, resulting in an audio output 
signal. 

quadrature detectors 

The last type of detector to be 
considered here is an old friend which 
has been given a nominal re-birth by the 
advent of integrated-circuit technology: 
the quadrature detector. This circuit 
gets its name from the fact that it 

iNPurir X 
fig. 3. Foster-
Seeley fm dis-
criminator cir-
cuit. 
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demodulates an fm signal by combining 
two versions of the i-f which have a 
phase difference of 90 (that is, the 
signals are " in quadrature"). An exam-
ple of the IC Quadrature Detector 
(ICQD) is shown in block form in fig. 5 
and as a schematic in fig. 6. 

The input stages to the quadrature 
detector circuit are wideband, high-gain 
amplifiers which serve to limit the 
amplitude variations of the input signal. 
This eliminates a-m components such as 

AUDIO 
OUTPUT 

R2 AUDIO 
3 . 9 k OUTPUT 

m 
fig. 4. F m ratio detector is found in many 
f m receivers. 

noise and converts the signal to a series 
of squarewaves. These square waves 
have varying periods and durations, the 
actual value of which depends upon the 
input frequency and the nature of the 
modulation. 

The square waves from the limiting 
amplifiers are fed to a splitter section 
which separates them into two channels. 
One is fed directly to the synchronous-
gated detector while the other is fed to 
an external (see fig. 6) 90° phase shift 
network. The shifted version is then fed 
to the alternate input of the gated 
detector. 

One process of the gated detector is 
to integrate the detector output pulses 
to extract the audio signal. Be aware 
that the use of an IC in the detector 
does not automatically indicate the use 
of a quadrature circuit. The real telling 
feature is the phase coil in place of the 
transformer. There are many types of 
ICs used in fm i-f stages which also 
include the detector diodes. An example 
of such a device is the popular RCA 
CA3043. These devices are given away 
by the use of a transformer. 
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alignment instruments 
Fm alignment procedures all require 

some sort of controlled signal source as 
the standard. Some amateurs may have 
a complete fm alignment laboratory 

3. Calibrated output level. The usual 
method is to have a meter with a known 
set point preceding the attenuator. The 
attenuator is then calibrated in micro-
volts or dBm. 

fig. 5. Block diagram of the MC1357P IC fm quadrature detector. 

that would make the GE and Motorola 
two-way radio R&D labs jealous, but 
such resources are not needed, as will be 
demonstrated. However, if you have the 
resources to select a reasonably high 
grade instrument there are several 
factors to look for: 

1. Low residual signal leakage. It is not 
very helpful if the signal level leaking 
around the attenuator or through the 

4. Control over modulation level and 
some means of indicating amounts. If an 
a-m only signal generator is being con-
sidered, a means is needed for turning 
off the modulation. 

5. Reasonable short-term stability and 
rugged construction. 

There are a number of signal genera-
tors available which will suit the needs 
of the amateur. Some are available at 

rft rti rh rh rh rh 9i 
fig. 6. Typical circuitry used with the fm IC quadrature detector. 

cabinet flanges can drive your receiver 
into hard limiting. 

2. Reasonably accurate frequency dial 
or a means of setting to accurate points 
(i.e. crystal calibrator or a high-level 
output for a frequency counter). 

attractive prices on the surplus market 
and include the venerable Measurements 
series (models 60, 80, etc), the surplus 
TS-497 (military version of the Measure-
ments 80), and the old Boonton 202. 
Fig. 7 shows an updated version of the 
model 202 now offered by the Boonton 
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division of Hewlett-Packard as their 
model 202H . The main signal generator 
produces a high quality vhf f m signal at 
a calibrated output level. 

The Univerter in fig. 8 takes the 

fig. 7. Hewlett-Packard model 202H fm signal 
generator (photo courtesy Hewlett-Packard). 

output of the 2 0 2 H and heterodynes it 
down to lower frequencies for use in i-f 
alignment. One feature of the Univerter 
is that it produces a low signal wi th the 
same deviation (because it heterodynes 
rather than divides) and output level as 
the 2 0 2 H . This allows the calibrated 
output to be controlled by the 2 0 2 H 
attenuator. 

Fig. 9 , the Measurements model 800 , 
is an updated fm signal generator. A block 
diagram of the model 8 0 0 is shown in 
fig. 10. This instrument has proven 
popular with the commercial vhf f m 
mobile-radio crowd as it is reasonably 
portable for installation in a crowded 
service truck. 

As amateurs on limited budgets we 
often f ind it necessary and advisable to 
have available certain contingencies 
which allow a goal to be realized. While 
I will readily concede that a kilobuck 
signal generator might be the best way 
to align an f m receiver, I think it is 
necessary to offer a viable alternative to 
those whose resources are l imited to a 
vtvm or vom and a junk box full of 
parts. If you fall into this category, as 

most of us do, the signal generators 
shown in fig. 11 and fig. 12 are for you. 

Fig. 11 is a simple two-transistor 
crystal oscillator which should oscillate 
between 1 and 13 M H z or so, depending 
upon what type of transistor you use. 
The transistors can be almost any small-
signal type offering good gain at the 
frequency range of interest. One oscilla-
tor I built used some vhf pnp German-
ium types salvaged f rom an old Delco 
car radio. The crystal, Y7 , should be 
chosen to produce either the desired 
frequency {in the case of the i-f) or a 
sub-harmonic of the front-end rf fre-
quency. For example, a 10.7-MHz 
crystal for the i-f and either 6- or 
1 2 - M H z crystals which are sub-
harmonics of the receiver frequency. 
The tr immer C T can be used to zero the 
crystal frequency. This can be done 
wi th a crystal calibrator and a receiver, 
external counter or another f m receiver 
known to be correctly tuned to local 
repeater frequency. 

The low cost of T T L IC logic devices 
means that the calibrator of fig. 12 can 
be built for practically peanuts. If the 
crystal is a 500-kHz type the output can 
be used as 5-kHz markers in a sweep 
alignment procedure. If you eliminate 
the two SN7490P decade dividers and 
plug in a 455 -kHz crystal, the circuit 
can be used to supply the low i-f 
frequency used by some receivers. This 
circuit will oscillate, when selected T T L 
devices are used, up to frequencies of 
several M H z . 

fig. 8. Hewlett-Packard 207H Univerter i-f con-
verter for the model 202H signal generator 
(photo courtesy Hewlett-Packard). 
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Please note that the procedures de-
scribed here, while being reasonably 
universal, are fairly generalized. They 
are not an end-all for all receivers. Some 
radio manufacturers might toss in a few 

manuals, or where resources do not 
permit, following the procedure pre-
scribed here should prove successful. 

A typical sweep alignment set-up is 
shown in fig. 13. The signal generator 

0 -

BIAS 
SUPPLY 

SCOPE 
SYNC 

AUDIO 
OSCILLATOR 

SAWTOOTH 
OSCILLATOR 

SELECTOR 

- 0 -

<£>H FM 
OSCILLATOR 

ALC 

PRECISION 
ATTENUATOR 

RF OUTPUT 

fig. 10. Block diagram of the Measurements 
800 fm signal generator. 

wrinkles of their own just for fun. If 
you have a service manual or other 
source which promotes a certain techni-
que as best, bow to their wisdom and 
follow it if possible. In the absence of 

fig. 9. Measurements model 800A fm signal 
generator (photo courtesy Measurements Divi-
sion, Edison Electronics). 

provides a calibrated, controlled source 
which is supposed to effectively simu-
late the input from the antenna. In 
some manuals a dummy antenna will be 
specified for interconnection between 
the generator and the receiver. The 
marker is a crystal oscillator which is 
used to provide pips on the oscilloscope 
trace to aid in identifying specific fre-
quency points. The adder is an isolator 
which allows interconnection of all the 
instruments without undue interactions 
which might tend to make the job 
impossible. When the audio output from 
the receiver is added to the detected 
output from the other sources the oscil-
loscope will display what is essentially a 
calibrated frequency response curve for 
that receiver. 

Fig. 14 and 15 show the various 
curves associated with sweep alignment. 
The trace in fig. 14A is an i-f response 
curve. The dip at the top end of the 
curve will be especially noticeable in 
wideband equipment. Authorities 
usually claim that the dip should have a 
depth of ten percent of the overall 
amplitude. Let that be a maximum. Do 
not try what one serviceman acquaint-
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ance of mine did, and create the dip 
from what was essentially an almost 
ideal fiat response! 

Fig. 14B shows the discriminator 
output curve. Note that the output 

0-9V 

rn rrt rh 

fig. 11. Simple two-transistor alignment 
oscillator. 

voltage goes through zero when the 
input signal frequency is equal to the 
resonant frequency of the discriminator 
transformer secondary. This should give 
you some ideas as to how an fm 
deviation meter operates. The curve in 
fig. 15 is a fairly typical response curve 
showing a marker pip at the center 
frequency. 

Most receiver manufacturers clearly 

state in their literature exactly where 
they want the i-f alignment signal injec-
ted. This might be a jack or test point in 
the tuner or in the input section of the 
i-f amplifier strip. Follow their advice if 
the point is known. In the absence of 
good data connect the signal generator 
output to either a capacitor connected 
to the mixer input or a "gimmick" 
dropped inside the first i-f transformer. 
The gimmick, in this context, is simply 
a short length of insulated hook-up 
wire. About %-inch (6-mm) is bared on 
one end to make contact with the 
generator output cable. 

One common procedure calls for a 
zero-center voltmeter (most vtvms and 
fet voltmeters can be made zero center 
by adjusting the zero control) to a point 
such as Z in fig. 4. Apply an fm signal to 
the input and adjust the secondary of 
the detector transformer to zero volt. 
The meter will shift positive on one side 
of the correct setting and negative on 
the other side. Now adjust the i-f tuning 
to produce a curve such as that shown 
in fig. 15. During this operation keep 
the input signal level well below the 
limiting point but above the noise to 
eliminate any ambiguity. Overdriving 
the receiver (driving it into limiting) has 
a tendency to broaden the response and 
obscure the true peak. 

0 + 5VDC 

II 14 11 

ue 12 U3 NC 

7490 

! 

7490 

4-4-4-

fig. 12. Simple T T L digital logic IC alignment oscillator. 
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One aspect of the procedure for 
aligning the secondary of the trans-
former is that the correct point is 
established with the least total harmonic 
distortion. Although that is not the best 
way to go {unless the proper THD 
analyzer is available) I have known 
professional servicemen who could 
rough in an alignment off the air to an 
extent that the operator would not 
know the difference. 

The local oscillator in the front end 
can be set by adjusting the trimmer 
capacitor across each channel crystal for 
a zero at point Z when a precisely 

audible level. If the input is a common 
base or gate design one adjustment will 
be noticeably broader than the other. 

non-swept alignment 
The use of the transmitter oscillator 

applied to the receiver alignment in at 
least one model transceiver implies that 
it is not absolutely necessary to use a 
sweep generator. In fact, the non-swept 
technique, properly applied, will yield 
comparable results. However, it must be 
noted that sweep alignment is preferred 
by high-fidelity buffs because of the 
interaction of the i-f alignment and the 

FM/SWEEP GENERATOR 

RF SIGNAL FM 

RECEIVER 

OUTPUT 

ADDER 

I h ^ - f - ^ W V -

MARKER 
GENERATOR 

SCOPE 

£ 
fig. 13. Connection scheme 
for fm sweep alignment. 

m m 

known input signal is applied to the 
input. The signal can be from a multi-
kilodollar synthesizer/frequency meter, 
a close-at-hand transmitter, simple 
crystal oscillator as shown earlier (pro-
vided it is accurate) or from your local 
repeater. In my Heath HW-202 the 
transmitter oscillator is used for this 
purpose. Again, this assumes that some 
other means was used to verify the 
transmitter's correctness. 

Peak the rf amplifier tuning to either 
a channel specified by the radio manu-
facturer or a channel approximately 
mid-way in the group of channels used. 
Of course, if the rig is a single-channel 
affair peak it to that channel. Rf ampli-
fiers will typically have two adjust-
ments. For both it is necessary to keep 
the input signal level down to a barely 

channel bandwidth. In lower grade fm 
broadcast receivers and narrow-band 
equipment the need is less acute. 

It is important to note, however, that 
the signal source must be unmodulated. 
If your source is an a-m signal generator, 
turn the modulation off. This can be 
done by turning the modulation control 
switch to off or external. Do not de-
pend upon the modulation level or 
percentage control to sufficiently re-
duce the level. 

As was true in the swept technique, 
adjust the detector transformer second-
ary to null when the unmodulated 
signal, at the i-f of a channel frequency, 
is present at the input. Coupling to the 
i-f strip is the same as for the swept 
technique. Connect a high-impedance dc 
voltmeter to a point in the receiver 
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which produces a voltage proportional 
to the strength of the input signal. Point 
Y in fig. 4 is such a point. In vacuum-
tube sets the grid of the limiter does 
nicely while in transistorized types the 
emitter resistor of the limiter is good. 

Another method uses an rf detector 
probe at the limiter input although care 
must be exercised not to detune the 
output i-f transformer. It is necessary 
that the input signal level be kept low. 
In some cases it is a good idea to disable 
the age system to prevent interaction 
with the alignment. No good advice can 
be given on this point. In some receivers 
you merely ground the age line. In 
others you must apply a fixed bias of 
one polarity or the other, while in still 
others it is best to physically interrupt 
the age line (some receivers have re-
movable jumpers specifically for this 
purpose). Do not attempt to use your 
ears as a monitor of the quieting level as 
it will probably be inaccurate. 

In both the swept and non-swept 
alignment procedures start at the detec-
tor and work toward the front-end. Go 
through the procedure several times 
looking for a slight improvement each 

time. This optimization is needed be-
cause there will be a slight interaction 
between adjustments. 

One admonition: Don't overtighten 
i-f slugs and trimmer screws. Many 
ferrite slugs will become seized if they 
are tightened against either the top or 
bottom stops. Additional force will tend 
to make them break. One sure sign that 
this has occurred is a "crumbly" feel as 
you adjust. Stuck slugs can often be 
freed by application of a slight amount 
of heat. 

I-f transformers which do not tune 
usually indicate one of two conditions: 
the transformer is defective and requires 
repair or replacement, or that coil is 
actually in the transmitter circuitry 
(identify all parts before making any 
adjustments). Note that many a good rig 
has had to make a trip to the repairman 
because of misguided alignment at-
tempts. Believe me, the service guy can 
almost always tell a set that has been 
tinkered with. 

quadrature detector alignment 
Aligning circuits using the MC1357P 

or Delco DM-11 ICQD detectors re-
quires a special technique. If a swept 
generator is available the job is simpler. 
Connect an ac vtvm across the output 
(in the absence of an ac vtvm a rectified 
dc type or an oscilloscope will be 
adequate) and adjust the 90° phase coil 

fig. IS. Oscilloscope trace of i-f passband 
curve with frequency marker. 
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for maximum output signal level. Con-
nect a dc vtvm through an rf detector 
probe such as the RCA WG-301 to pin 
10 of the MC1357 or DM-11 detector 
(it is worth noting that if you need a 
MC1357P replacement and can't locate 
one, drop into the nearest authorized 
Delco car radio shop and buy a DM-11 
or DM-31). Now you can peak the i-f 
coils for maximum. 

When using an unmodulated signal 
generator you can approximate the pro-

HIGH IMPEDANCE 
VOLTMETER 

fig. 16. Test equipment arrangement for non-
swept alignment of fm receivers. 

per phase-coil adjustment by nulling the 
noise level. The phase coil is correctly 
adjusted when it is tuned to a null 
located between two relatively high 
amplitude noise peaks. However, this is 
only an approximation as the null tends 
to be rather broad. 

summary 

As stated earlier these techniques are 
rather generalized. They will suffice, 
however, for most jobs without serious 
performance loss. One parting word of 
caution: Do not align anything as a 
troubleshooting method. The first and 
foremost sign of the novice trouble-
shooter is the galloping "diddle stick." 
Remember that alignment doesn't 
change within short spans of time. If 
your rig suddenly stops working the 
fault is not alignment. Find the fault 
first. If it is an alignable component, 
align only the replacement part or the 
repaired original. 
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53 Keys 
One Chip MOS Encoder 
Upper and Lower Case 
Standard ASCII Output 
T w o Key Lockout 

We are happy to announce a new addition to 
our keyboard and encoder line. Our new KBD-
3 uses a one chip MOS encoder system to give 
you maximum possible features with a mini-
mum number of parts. 

This keyboard produces a standard ASCII 
coded output that is compatible with TTL , 
DTL, RTL and MOS logic systems. You have 
the option of wiring the kit for normal type-
writer style output In both upper and lower 
case letter, or all upper case format. All com-
mon machine control commands such as "line 
feed", "return", "control", etc. are provided 
on the keyboard. Four uncommitted or extra 
keys are available for your specific use re-
quirements. Two of these have Isolated output 
lines to the connect or for special functions 
such as "here Is". 

Keyswitches are standard, full travel style 
with gold plated contacts for long troublefree 
service. Requires +5 Volts and -12 Volts. 

KBD-3 Keyboard and Encoder Kit $49.50 ppd 

SOUTHWEST T E C H N I C A L 
PRODUCTS CORP. 

219 W. Rhapsody Dept. HR 

San Antonio, Texas 78216 
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programmable memory 
accessory for 

electronic keyers 

Design of an 

expandable, programmable 

random-access 

memory system 

for use with 

electronic keyers 

During the past few years, several cir-
cuits have been published for CW key-
ers, both with and without program-
mable memories. Most designers, how-
ever, seem to either combine memory 
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capability with a mediocre keyer circuit 
or design a good keyer with no memory. 
With the inexpensive T T L ICs and mos 
memories that are now available, I felt 
there was room for a better design which 
incorporated a good iambic keyer with a 
programmable memory. 

R i ley 1 had an interesting application 
of recirculating memories, but the pro-
gramming seemed awkward, the mes-
sages (if more than one) were stored in 
series, and I felt separate speed controls 
for the keyer and the memory should be 
a v o i d e d . G o r d o n 2 used two mos 
random-access memories to provide two 
selectable message stores, but the associ-
ated keyer was not acceptable. The 
other drawback I saw in both these ap-
proaches was the inability to re-start the 
read or write sequence until the current 
message was completed. The design 
presented here combines an excellent 
keyer circuit with two programmable 
memories. 

I chose to use the very popular Accu-
Keyer circuit described by Garrett3 as 
the basic keyer because it features dot 
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and dash memories, iambic operation, 
automatic character spacing and low 
cost. The memory accessory, however, 
could easily be adapted to many other 
keyer circuits. For the mos memories, I 
used the readily available National 1101 
(or Signetics 2501) static mos RAM. 
These memories have a three-state out-
put that enables two or more memory 
outputs to be connected in parallel with 
no additional circuitry. 

places a zero (TTL positive logic) on the 
CS input of the desired memory. To 
read the memory, thereat/line is allowed 
to f l o a t high by sw i t ch S3 wh i ch 
enables U7C, gating the data output 
from the memories to the output keying 
circuit and sidetone. To write data into 
a memory, S3 takes the read line to 
zero, enabling a 500 ns write command 
pulse triggered by the trailing edge of the 
clock pulse (see timing diagram, fig. 2). 

fig. 1. Programmable memory for electronic keyers uses two 256-bit random-access memory ICS, 

U15 and U16. Timing diagram for this circuit is shown in fig. 2. 

memory circuit 

Operation of the basic keyer will not 
be covered here because WB4VVF pro-
vided a complete discussion in his origi-
nal article. Only the operation of the 
memory circuit itself will be examined. 
Fig. 1 is a logic diagram of the memory 
circuit. A memory is selected for either 
reading or writing by switch S2 which 

Both the read and write cycles are 
initiated by closing SI , a normally-open 
spst switch, which resets U9A, the start/ 
stop fl ip-flop U9B, and the counters 
U12 and U13. When S1 opens, the 
synchronous four-bit counters count up 
on the leading edge of the clock pulse 
from 000 to 255 providing the proper 
addresses to cycle access to the RAM. 
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fig. 2. Timing diagram for the programmable C W memory shown in fig. 1. 

When the most significant bit of the 
address goes from 1 to zero, indicating 
256 has been attained, U9B toggles, dis-
abling further counting and returning the 
keyer to normal asynchronous operation. 

The start/stop flip-flop, U9B, turns 
on an L E D to signal the user when the 
keyer is cycling the memory. In addi-
tion, a dual monostable, U10, has been 
included as a sidetone oscillator for pro-
gramming the memories and use as a 
code monitor. 

Two circuit modifications are neces-
sary to connect the memory accessory 
to the Accu-Keyer, as shown in fig. 3. 

The connection between diode CRT, in-
put gate inputs U1, pin 9, and U2, pin 
1, and the missing-character flip-flop, 
U5, pin 8, has to be broken. Since the 
oscillator must run free during the read 
and write cycles, the anode of CRT is 
connected to U11, pin 10, which is low 
during the memory sequence. U5, pin 9, 
(the complement of U5, pin 8) is con-
nected to U11, pin 8, to provide normal 
operation when not using the memory. 

The gate inputs U1, pin 9, and U2, 
pin 1, are connected to U14, pin 13, so 
that during the memory write cycle the 
dot/dash inputs are sampled only when 
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fig. 3. Modifications required to the W B 4 V V F Accu-Keyer for use with the programmable memory 
accessory. Complete schematic is shown in fig. 4. 
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fig. 4. The W B 4 V V F Aceu-Keyer, modffied for use 
with the programmable memory accessory shown 
in fig. 1. 

the clock pulse is high, thus preserving 
proper dot/dash timing. These inputs 
are effectively connected to U5, pin 8, 
otherwise, resulting in normal keyer 
operation when not using the memory. 

The clock in the Accu-Keyer pro-
vides the clock pulses for the memory 

circuit (taken from the collector of Q2). 
The previously unused section of U7 is 
wired to inhibit data transfer out of the 
memory except during the read cycle. 
Finally, U7, pin 6, is taken to the mem-
ory circuit to key the sidetone and in-
put data to the memories. 
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construction 
I built the memory circuit and keyer 

on two 3-inch (76mm) square pieces of 
single-clad Vector board using bread-
board-type fabrication because wiring 
errors are much easier to repair. Any 
other method of construction would 
work equally as well so long as the usual 
rf bypass techniques are used. Fig. 5 
shows the power supply I used for both 
the keyer and the memory circuit. 

operation 
Operation of this memory accessory 

is quite simple. The operator selects the 
desired memory with S2. To write data 
into the memory, S3 is closed, the start 
button, S I , is pressed, and, when re-
leased any data being sent wilJ also be 
written into the selected memory. If a 
mistake is made, simply depress the 
start button again and start over. Even if 
the previous cycle is not complete, the 
counters will be reset to 000. 

fig. 5. Simple power supply circuit provides 
regulated +5 volts for the T T L ICs and - 9 
volts for the random-access memories. 

To read the data in storage, open S3 
and press the start button, S1. When 
S1 is released the memory will cycle 
through the 256 bits. Two separate mes-
sages can be stored and selected by S2. 
Again, the start button may be repressed 
at any time to restart the message. 

Approximately 30 characters can be 
stored in a 256-bit RAM. This is enough 
for the typical Sweepstakes exchange: 

Inside view of the memory keyer showing the 
circuit board stack. Accu-Keyer is on bottom 
board, memory accessory is on the middle 
board, and power supply rectifiers and filter 
capacitors are on top. The +5 volt regulator 
IC is mounted on heatsink on rear panel. 

B D E WA9LUD/9 64 I L L B K 

However, the basic circuit can be ex-
panded to a cascade of individual mem-
ories for any desired character length. 

The entire keyer package cost about 
$25 to build, but the memory accessory 
alone can be built for under $10. I have 
been very pleased with the performance 
of the unit. The memory replaces a 
clumsy tape recorder device I used to 
use during CW contests, resulting in a 
more relaxed and smooth operation. It 
has been a welcome addition to a 
crowded operating table. 

references 
1. Thomas Riley, WA1BYM, "An IC Keyer 
with Programmable Memory," QST, Febru-
ary, 1973, page 26. 
2. Michael Gordon, WB9FHC, "Electronic 
Keyer with Memory," ham radio, October, 
1973, page 6. 
3. James Garrett, W B 4 V V F , "The W B 4 V V F 
Accu-Keyer," QST, August, 1973, page 19. 

ham radio 
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solid-state 
linear power amplifier 

for 432 MHz 

Construction details 

for a solid-state 

linear amplifier 

that provides 

10 watts PEP output 

at 432 MHz 

Urrtff recertify, amateur use of semicon-
ductors on 432 MHz was limited to low-
noise preamplifiers, mixers and low-level 
transmitter stages. Now, with rf power 
devices developed for the uhf land-
mobile service, it is possible to build rf 
power amplifiers for this band without 
breaking the bank. The linear amplifier 
described in this article delivers 10 watts 
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PEP output with 10 dB or better power 
gain, operates from a T2-volt power sup-
ply, and is comparable in price to 
vacuum-tube linears operating at similar 
power levels. One of the goals in de-
signing this amplifier was to develop 
a circuit that was rugged with respect to 
load vswr as well as being easy to build 
and align — the amplifier presented here 
meets those goals. 

When designing an rf power ampli-
fier, the first task is to select a suitable 
power transistor. The device I selected is 
the CTC CM 10-12. This device, original-
ly developed for the land-mobile service, 
is both inexpensive and rugged.* Most 
solid-state linears for vhf and uhf use 
28-volt transistors, but 28-volt devices 
have two important disadvantages: cost 
(these parts are always more expensive 
than 12-volt devices) and power supply 

•The C T C C M 10-12 is $13.50 in small quanti-
ties from Communications Transistor Corpo-
ration, 301 Industrial Way, San Carlos, Cali-
fornia 94070. The BYI -1 byistor is $7.50. 
Since the minimum order is $50, this ampli-
fier would make an excellent club project. 
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availability. Although most amateurs 
have access to a medium-current 12-volt 
power supply, 28-volt power presents 
more of a problem. 

Many amateurs find solid-state uhf 
power amplifiers difficult, if not impos-
sible, to build. Uhf stripline circuits per-
form exceptionally well, but the Teflon-
glass or duroid circuit board necessary 
for their construction is very expensive 
and difficult to obtain. Furthermore, 
many amateurs have very little experi-
ence with printed-circuit boards. After 
reviewing this problem, I decided to use 
lumped constants (mica compression 
trimmers and conventional inductors). 

A main consideration in the design of this 
amplifier was to make it reproducible. 

The circuit, shown in fig. 1, is fairly 
straightforward. An L-network is used 
for the input match and a pi-L network 
for the output. To operate in linear ser-
vice the CM 10-12 must be forward biased. 
This is accomplished through the use 
of a CTC byistor. The byistor consists 
of a diode and a silicon resistor in one 
package which is coupled to the ampli-
fier heatsink. The byistor thermally 
tracks the power amplifier and assures 
that problems with thermal runaway are 
minimized. A previous article describes 
this device in detail.1 

*I23V 

CI 

C2.C3 
C4.CS 

ca 
C7.C9 
C9 

CIO,11 

L I 

L.2 

m i c a trimmer ( A f t C O 

m i c a trimmer ( A R C O 

2-2 O p F 

TS11I3-1) 

4 - 4 0 p F 

T21213-1J 

22 p F Underwood metal-clad mica 

33 p F Underwood metal-ciad mica 

500 p F Underwood metal-clad mica 

0.175" (4.5mm) wide copper strip, 
1.1" (28mm) long, including bend at 
input end; R F C 1 attached at center 
0 .175" (4.5mm) wide copper strip, 
1.2" (30.5mm) long, including bend 
at output end; RFC2 and C3attach-
ed at center 

R 1 , R 2 approximate total series resistance, 
37 ohms (10 watts); adjust for cor-

rect byistor current (see text) 
R 3 adjust for correct Idling current (6.8 

ohms in parallel with 47 ohms, Vs 
watt, used in amplifier shown in 
photograph) 

R F C 1 no. 20 (O. lmm) wire, 1.5" (38mm) 
long 

R F C 2 2 turns no. 20 <0.8mm), airwound, 
0 . 3 " ( 7 . 5 m m ) d i a m e t e r , 0.3" 
(7.5mm) long 

R F C 3 5 turns no. 20 (O.fimm) wound a-
r o u n d 0 . 5 " (12 .5mm) Amidon 
T-SO-6 tor old, in parallel with 15 
ohm, >/2 watt resistor 

fig. 1. Solid-state 432-MHz linear amplifier. O o not substitute for ttte Underwood metal-dad mica 
capacitors; dipped micas or disc ceramics will not work. 
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construction 

The amplifier is built on a 6x4.375 
inch (15.2x11.1cm) finned aluminum 
heatsink (Thermalloy 6157). A smaller 
heatsink can be used, but I don't recom-
mend it as parts placement becomes 
cramped and the CM 10-12 power tran-

COLLECTOR 

r o i CTC r o ' CM10-12 i 

BASE 

Q CMI0-I2 TRANSISTOR 

BYt-l BYISTOR 

fig. 2. Lead layout for the CTC CM 10-12 
power transistor and BYI -1 byistor. 

sistor wil l obviously run hotter. With 
the heatsink described a barely discern-
able heat rise is noticeable after several 
hours of operation. 

The end pieces are 1/8-inch (3mm) 
thick aluminum which are attached to 
the ends of the heatsink with 6-32 
screws. The holes for the screws are 
drilled into the heatsink ends and then 
tapped. 

The first step in building the ampli-
fier is to prepare the printed-circuit 
board. The circuit board is standard 
double-clad 1/16 inch (1.5mm) thick 
fiberglass-epoxy board. The thickness is 

not really critical, but if the printed-
circuit material is too thin the board 
may buckle when it is fastened to the 
heatsink. The CM 10-12 power transistor 
is located at the exact center of the 
board. A 33/64 inch (0.516" or 13mm) 
hole is punched or drilled in the center 
of the board and the transistor is tem-
porarily placed in the hole and used as a 
template to mark the locations for the 
two CM 10-12 mounting screws. These 
holes are drilled (or punched) with a 
17/64 inch (0.266" or 6.7mm) drill. The 
extra material is then filed away until the 
transistor mounting flange fits through 
the hole with about 0.015 inch (0.4mm) 
clearance all around (see fig. 3). Don't 
file away too much of the circuit board 
or it wil l be impossible to obtain short 
emitter leads — a must at uhf. 

The 5/16 inch (8mm) hole for the 
byistor is next drilled 1.25 inch (32mm) 
from the center of the CM 10-12. For 
best thermal tracking the byistor should 
be as close to the power transistor as is 
practical. 

A good ground is a must in uhf pow-
er amplifiers and most pfoblems with 
unstable amplifiers can be traced back 
to poor grounding. In this amplifier cop-

33/64" 113 mm) DIA. 

17/64" <6.7 mm) OlA 

-FILE AWAY EXCESS (Sn Tut) 

fig. 3. The CM10-12 transistor mounting 
hole is placed in the center of the circuit 
board (fig. 4) . 

per foil is soldered from the top to 
bottom ground planes around the entire 
outside edge of the board as shown in 
fig. 4. Similarly, short pieces of foil are 
soldered at the four edges of the 
CM 10-12 mounting hole. Make sure 
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these f i t snugly or the transistor may 
not f i t . These copper strips are about 
0.125 inch (32mm) wide. 

The board is then placed on the heat-
sink and secured with four 4-40 machine 
screws which are threaded into cor-
responding holes drilled and tapped into 

capacitor leads overlap one another (see 
fig. 5). This wil l provide the points for 
the base and collector connections. 

The leads of the transistor are then 
trimmed as shown in the photograph. 
Put Silicone heatsink compound on the 
CM 10-12 mounting flange and fasten 

fig. 4. Layout of the circuit board used for the 432-MHz linear amplifier. Good grounding is 
provided by copper foil around outside edge of the board. Input and output islands and byistor 
circuit pads are cut out with an Xacto knife. 

the heatsink. Temporarily remove the 
board and, with a milling bit or large 
diameter dri l l , prepare a space for the 
byistor mounting stud on the finned 
side of the heatsink. Be careful not to 
drill all the way through the heatsink. 

The circuit board may now be se-
cured to the heatsink with the 4-40 
screws. Install the four Underwood 
capacitors* on the board as close as 
possible to the CM10-12 mounting 
holes. Solder the metal cases of the ca-
pacitors to the circuit board and let the 

the transistor to the heatsink. {Do not 
solder the transistor into circuit before 
securely fastening it to the heatsink 
with the two mounting screws — doing 
so may fracture the ceramic transistor 
case.) When the transistor leads have 
been soldered in place, small islands are 
cut out with an Xacto knife for the 
byistor supplier and injector and the 
transistor base and collector lines, L1 

*Do not substitute for the Underwood metal-
clad mica capacitors; dipped mica or disc ce-
ramic capacitors will not work. 
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and L2. The remaining components are 
then installed as shown in the photo-
graphs. 

Small turret terminals are used for 
the byistor power resistor connections 
and the 12-volt supply voltage, V c c . I t is 
suggested that the layout shown be fol-

rent drain. A milliammeter in series with 
the 12-volt supply line wil l read the 
byistor current plus the quiescent cur-
rent of the power amplifier: 

i i - + j + _ by is to r , CM10-12 Indicated current = + . . . . 
current idling current 

fig. 5. Installation of the Underwood mica 
capacitors, C6, C7, C8 and C9. Transistor base 
and collector connections are rriade at the 
overlap points. 

lowed if you have not had experience 
with uhf solid-state amplifiers. 

tuneup 

Do not operate the amplifier without 
resistor R3 connected; that will damage 
the power transistor. 

Temporarily disconnect the collector 
dc feed choke, RFC2, gradually apply 
+12 volts to the byistor and make sure 
injector current is 300 and 350 mA. If 

If the byistor current is 3 0 0 mA, for 
example, and the total indicated current 
is 350 mA, the idling current of the 
CM 10-12 is 50 mA. Increase resistor R3 
in one-half ohm steps until an idling 
current of 50 to 60 m A is reached. It 
may be necessary to parallel two resis-
tors to obtain the correct idling current. 

Basic tuneup of the amplifier can be 
done with a uhf vswr bridge, power me-
ter and dummy load as shown in fig. 6. 
However, an accurate power meter and 
non-reactive 50-ohm load are required 
for proper circuit adjustment. 

Apply V C c and check to see that the 
power meter reads zero with no drive 
applied. This will indicate if the ampli-
fier is oscillating. (No oscillation was 
detected in any of the four units I 
built.) Apply about 2 0 0 mW of drive 
and tune capacitors C3, C4 and C5 for 
maximum output. Tune C1 and C2 for 
minimum input vswr. N o w increase 
drive to 600 mW and repeat the above 
process. The power meter should read 
approximately 10 watts. 

If two-tone measurements are to be 
made and you're using an average-

fig. 6. Equipment setup required for tuning up the 432-MHz amplifier. For correct adjustment the 
power meter must be accurate and the 50-ohm must be non-reactive. 

this current level is not achieved, the 
values of resistors R1 and R2 must be 
adjusted until it is. Remove V c c and 
reconnect the collector choke, RFC2. 

Now install about 1 ohm at resistor 
R3, apply V c c and check the total cur-

reading meter such as a Bird model 43 , 
remember that the power meter indica-
tion will be one-half the actual rf out-
put. For example, if the Bird wattmeter 
reads 5 watts, actual PEP output is 10 
watts. 
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operation 
A well-regulated 12-volt supply Is 

necessary for linear operation. Since 
current drain is less than 2.0 amps, a 
simple series regulator will work fine. 
Most current handbooks describe such 
circuits. 

600 mA will put you in the safe area 
(remember that the meter will read 300 
mA high because of the byistor cur-
rent). Make sure the amplifier works 
i n t o a good load. Although the 
CM 10-12 device will survive an infinite 
vswr, sustained operation into such 

Solid-state 432-MHz power amplifier built by WB6QXF. In this photograph output is at left, input 
on right. Large wirewound resistors are In the byistor circuit. 

Since voice characteristics vary from 
one operator to another, if possible an 
oscilloscope should be used to check for 
flattopping. If a scope isn't available, 
talking collector current up to 500 to 

table 1. Performance of the 10-watt, 432-MHz 
solid-state linear power amplifier. Second har-
monic is more than 35 dB down, 

single tone two tone 
V c c = +12.5 Vdc Vcc = +12.5 Vdc 
P i n = 1 5 Wdc P | n = 600 mW PEP 
PQ = 10 W PQut = 10 W PEP 
l c = 1.2 A l c = 750 mA 

IMD = - 2 9 dB at 10 W PEP 

loads will damage it. 
Every effort was made to make the 

construction of this amplifier as easy as 
possible. Inexpensive components were 
used throughout and the results have 
been very gratifying. The total cost of 
the amplifier is less than that of a com-
parable vacuum-tube unit and it is a lot 
less trouble. 

reference 
1. Robert Stein, W6NBI, "Solid-State Trans-
mitting Converter for 144-MHz SSB," ham 
radio, February, 1974, page 6. 

ham radio 

august 1975 HQ 35 



adjustable 
voltage-regulator ICs 

Circuit applications 

for the new 

Fairchild 78MG and 79MG 

adjustable positive 

and negative 

voltage-regulator ICs 

The 7800 series of fixed, three-terminal 
IC voltage regulators has greatly simpli-
fied the design of well regulated power 
supplies.1 The only drawback of this 
series of ICs is that variable output 
voltages cannot be obtained without 
sacrificing performance or circuit simpli-
city. Fairchild Semiconductor has devel-
oped two new devices which fill the 
need for a low cost, adjustable voltage 
regulator: The 78MG positive regulator 
and the 79MG negative regulator. 

Both of these IC regulators are rated 
for 500 mA output current, are pro-
tected against short-circuits and thermal 
overloads, and feature infinitely variable 
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output voltages between V r e f and V|n 

(minus a few volts). Brief specifications 
are listed in table 1. 

positive voltage regulator 
A basic, positive adjustable regulator 

using the 78MG IC is shown in fig. 1. 
The internal reference voltage for the 
78MG is 5.0 volts, so this sets the lowest 
possible output voltage with this device. 
As is true with the 7800 series voltage-
regulator ICs, a 0.33 mF capacitor is 
required from the input of the device to 
ground if the regulator is located more 
than a few inches from the power 
supply filter capacitor. A small capaci-
tor from the output to ground will 
improve transient response. 

The output voltage of this circuit is 
predicted by 

'R1 + R2N 

V 0 u t = V ref 
/ R 1 + R 2 \ 
V R 2 ) 

fig. 1. Basic, adjustable positive voltage regula-
tor using the Fairchild 78MG. Unregulated in-
put voltage must be 2 volts greater than de-
sired maximum output. 
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where V r e f = 5.0 volts. If 1 mA is used 
as the control current, then R2 = 5k 
ohms and V o u t = 0.001 (FM + R2). 
With the values shown in fig. 1 and V i n 

>32 volts, V o u t is adjustable from +5 to 
+30 volts. 

The 78MG may be used in higher 
current applications by using a series 
pass transistor, Q2, as shown in fig. 2. 

table 1. Electrical parameters of the Fairchitd 
78MG and 79MG adjustable positive and 
negative voltage regulators. 

78 MG positive regulator 

tnput voltage, V j n +40 volts max 
Output voltage, V O U ( +5 to +30 volts 
Voltage reference, V r e f +5.0 volts 
Reference current, l r e f 1.0 jUA 
Dropout voltage 2 volts 
Quiescent current 2.5 mA 
Line regulation 1% 
Load regulation 2% 
Dissipation (internally limited) » 6 watts 
Thermal shutdown temperature « 170°C 
Thermal resistance, junction-case 8°C/watt 
Thermal resistance, 

junction-ambient 70°C/watt 

79MG negative regulator 

Input voltage, V j n - 4 0 volts max 
Output voltage, V o u t - 2 to - 3 0 volts 
Voltage reference, V r e f - 2 . 2 3 volts 
Reference current, I r e f 0.3jUA 
Dropout voltage 2 volts 
Quiescent current 0.5 mA 
Line regulation 1% 
Load regulation 2% 
Dissipation (internally limited) « 6 watts 
Thermal shutdown temperature 175°C 
Thermal resistance, junction-case 8°C/watt 
Thermal resistance, 

junction-ambient 70°C/watt 

SND 

fig. 2. High-current, short-circuit protected 
adjustable positive voltage-regulator circuit us-
ing the Fairchild 78MG. 

negative voltage regulator 

A basic negative adjustable regulator 
is shown in fig. 3. The reference voltage 
for the 79MG is 2.23 volts and, as in the 
78MG, this reference determines the 
minimum possible output voltage avail-
able from the device. Again, 1 mA 
should be selected for the control cur-
rent; therefore, R2 is 2.2k ohms and 
V o u t = 0.001 (R1 + R2). R1 may be a 
25k ohm pot as was used in the circuit 
of fig. 1. 

A dual tracking regulator wi th 500 
mA output capability is shown in fig. 4. 
This circuit features dual 10 volt out-
puts with the use of only two ICs and 
seven external components. 

packaging 

Obviously, a four-terminal package is 
now required due to the addition of the 
control pin. Fig. 5 shows the basic 

The short-circuit sensing resistor, Rsc , is 
equal to V b e / I s c , or about 0.6 ohm for 
1.5 amp output current. Transistor Q1 
is another 2N6124 or equivalent. The 
sensing resistor, Rs c , turns Q1 on at 
h igh o u t p u t c u r r e n t conditions and 
since V c e ( s a t ) of Q1 is less than the 
voltage drop across Rsc plus the base-
emitter voltage of Q2, the current 
through Q2 wil l decrease, protecting the 
transistor. 

"mO-

—0_vb< 

fig. 3. Basic, adjustable negative voltage regu-
lator using the Fairchild 79MG. Unregulated 
input voltage must be 2 volts greater than de-
sired maximum output. 
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configuration and connection diagram of 
both regulators, while fig. 6 shows mount-
ing techniques for two of the pack-
age options which are available. Package 
size and pin spacing are similar to the 
familiar mini-DIP package. For low 
power dissipation applications, the cool-
ing wings may be bent upwards for 
natural convection cooling, or a heat-
sink may be added for higher power 
applications. Refer to table 1 for ther-
mal resistance and maximum junction 
temperature values for the package. 

conclusion 
These new adjustable voltage regula-

tors fill the need for easy to use, high 

TJ 
0.4" 

(10 mm) 

f 
0,24" 

(6 mm) g ' y 
(7 3 mm! 

79MG 

fig. 4. Dual tracking regulator for up to SOO 
mA output at ±10 volts. 

78MG 

fig. 5. Connection diagrams for the 78MG and 
79MG adjustable voltage-regulator ICs. 

performance, minimum component 
count, variable-voltage regulators. Both 
electrically and thermally, the 78MG 
and the 79MG perform well in all 
medium-current applications and as 
drivers for higher current regulators. 
The 78MG and the 79MG and their 
related data sheets may be obtained 
from franchised Fairchild distributors. 

reference 
t . James Trulove, WB5EIW, "Three-Terminal 
Voltage-Regulator ICs,"ham radio, December, 
1973, page 26. 

ham radio 
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fig. 6, Dimensions and mounting techniques for the two package options which are available for 
the 78MG and 79MG adjustable voltage regulators. 
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calibrated 
electronic keyer 

time base 

Description of a 

novel electronic 

time base 

that provides 

direct readout 

of keyer speed 

It is desirable to be able to set the speed 
of an electronic keyer before you start 
sending. This is diff icult if the keyer has 
a single uncalibrated knob and the vari-
able resistor it controls is not linear and 
gives a large change in speed for a small 
rotation. Three solutions to this minor 
problem will be discussed in this article: 
speed selection with toggle switches or a 
thumbwheel switch, a digital counter, 
and a simple analog frequency meter 
which wil l display keyer speed on a 
meter. The last two systems require the 
time-base oscillator to run continuously. 
However, by running the oscillator at a 
high frequency and dividing down, the 
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normal disadvantages of a continuously 
running oscillator can be avoided. 

switch selection { 

I t is well known that the t ime delay 
of an RC circuit is proportional to the 
RC product. The frequency of an RC 
oscillator, therefore, is proportional to 
1 /RC, or G / C where G is the conduc-
tance (1 /R ) of the resistor. When resis-
tors are connected in parallel the con-
ductances add. Resistors can easily be 
switched in parallel wi th toggle switches 
or thumbwheel switches, and when this 
is done the frequencies associated with 
the individual resistors add directly. 

In the keyer time base shown in fig. 
1, a 560k resistor (R5) is permanently 
wired in to give a speed of 5 wpm. 
Another 560k , 270k or 150k resistor 
can be switched in to add 5, 10 or 20 
w p m to the speed. With three switches 
any speed from 5 to 4 0 w p m can be 
selected in steps of 5 wpm. The 1000-
ohm vernier adjustment pot, R1, can be 
mounted on the front panel if continu-
ous speed adjustment is desired. This 
pot can also be screwdriver adjusted (or 
even omitted if the timing capacitor is 
carefully selected). 

Fig. 2 shows how a single thumb-
wheel switch can be used to provide 
keyer speeds of 5 through 45 wpm. Fig. 
3 shows how a two-section thumbwheel 
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fig. 1. Electronic keyer time base with switch selection of speed. 
Analog frequency meter indicates keyer speed directly. 

switch can be wired for speeds of 1 
through 99 wpm in 1 wpm steps. The 
principle of paralleling resistors is very 
simple and can be applied to any keyer 
whose speed is determined by a single 
resistor and capacitor. 

digital speed readout 

A formula in the A R R L Radio Ama-
teur's Handbook states that the speed of 
an electronic keyer is 1.2 times the 
clock frequency in Hz. In the time base 
shown in fig. 1 the frequency of the 
basic NE555 oscillator is 100 times the 
keyer speed. The keyer clock is ob-
tained by dividing the oscillator fre-
quency by 120. For a 24 wpm keyer 
speed, for example, the oscillator runs 
at 2400 Hz. This can easily be read on a 
digital counter. If the counter is set to 
its 100 Hz range (dropping the tens and 
units digits), the speed can be read 

directly. The time-base divider would 
supply a clock frequency of 20 Hz, the 
correct clock frequency for 24 wpm 
keying. 

Normally an electronic key with a 
continuously running oscillator does not 
have a good "feel" because you have to 
wait up to one-half the length of a dot 
for the keyer to start after pressing the 
paddle. With the time base shown in fig. 
1, however, you only have to wait 
1/240 the length of a dot, which is 
hardly noticeable (only 2 milliseconds 

0 C O +sv 

4 
2 

BCD COOED 
THUMBWHEEL SWITCH 

1 

fig. 2. Using a thumbwheel switch to set elec-
tronic keyer speed. This arrangement provides 
speeds of 5 to 45 wpm in 5-wpm steps. 
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at 5 wpm). This is because when the 
keyer is not enabled the dividers are 
poised with all outputs high, ready to 
give a negative transition as soon as the 
next oscillator pulse comes along after 
the keyer is enabled. This system has all 
the advantages of a continuously run-
ning oscillator with none of the disad-
vantages. 

UNITS 

The signal marked "to keyer" should 
go to a JK flip-flop such as the 7473 or 
7476 which responds to negative transi-
tions. The input to the inverter should 
be high when not sending and low when 
sending or self-completing a character. 

keyer speed meter 
It's doubtful that anyone would 

build a digital counter especially for his 
electronic keyer, and switching another 
counter to the keyer is not as con-
venient as simply looking at a panel 
meter which indicates keyer speed. The 
simple analog frequency meter shown in 
fig. 1 uses few components and has all 
the accuracy that is needed. The meter 
is a 0-1 milliammeter with a 0-5 scale 
such as the Lafayette 99F26270. Resis-
tor RIO should be trimmed to give a 
full-scale reading at 50 wpm using a 
digital counter to set the speed to 50 
wpm (oscillator at 5000 Hz). The meter 
in my keyer, calibrated at 50 wpm, 
agrees with my digital counter over the 
entire scale. 

ham radio 

gives 

a lot to talk over 

American Made Quality at Import Price 

Full 12 Channel, 15 Watts 
with HI /LO power switch 

Here is everything you need, at a price 
you like, for excellent 2 meter FM 

performance. The 12 transmit channels 
have individual trimmer capacitors 

for optimum workability in point-
to-point repeater applications. 

Operate on 15 watts (minimum) 
or switch to 1 watt. 0.35 uv sensitivity 

and 3 watts of audio output 
make for pleasant, reliable listening. 

And the compact package is 
matched by its price. $ f I f l f t Q Q 

Amateur Net 

-eA\C^ELECTRONICS, INC. 
7707 Records Street 

Indianapolis, Indiana 46226 

An FM Model For Every Purpose . 
Every Purse 

a I ( i . y i y y w ^ J 

C22221 
HR-6 

12 Channel-25 Wal l 
6 Meier FM Transceiver 

HR-220 
12 Channel!.10 Wal ls 

220 M H i FM Transceiver 

ACT 10H/L/U 
3 Band 10 Channel FM 

Scanner Receiver 
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dc latch circuit 
Modern dc latch 

for transmitter 

PTT control 

uses cmos circuits 

for low current drain 

A dc latch circuit or flip-flop is a handy 
circuit to have around if you operate 
PTT but don't want to hold down the 
microphone switch. One circuit de-
scribed by W2EEY 1 used a form of 
latch for PTT-PTL {push-to-talk, push-
to-listen) control of a radio system. 

Fig. 1 shows a fairly typical latch 
circuit of the 1960s which used four 
bipolar transistors and one unijunction 
to drive a relay circuit. Applying a +12 
volt pulse to diode CR1 caused the 
circuit to be set. Applying a +12 volt 
pulse to diode CR2 resets the circuit. 
However, during the set cycle the 180-
ohm resistor in Q2's emitter circuit dis-
sipates almost 800 mW of power. Not 
counting the relay, this circuit requires 
almost 100 mA (1.2 watt) to function — 
with modern cmos circuits this excessive 
power drain can be reduced by a factor 
of 200. 

updated latch 

The latch circuit shown in fig. 2 is 
made for today. Disregarding the tran-
sistors Q3, Q4 and 0 5 and the two 
relays for a moment, when the push-
button switch, S1, is depressed, the 
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circuit draws slightly more than 500 
microamps. When switch S1 is not acti-
vated current drain is in the region of 
100 mA. This very low power require-
ment is one of the advantages of using 
modern cmos ICs. This is not to say that 
cmos doesn't have its problems. It does: 
handling, static discharge and drive abil-
ity, but for ultra low power consump-
tion cmos is the answer. 

In the circuit of fig. 2 integrated 
circuit U2A is a dual type-D cmos flip-
flop. When the incoming clock signal 
makes a transition from zero to 1, the 
signal on the data input (D) is gated 
through to the Q output. When switch 
S1 is depressed, the input to the cmos 
inverter, U1A, goes low and its output 
goes high. The RC network consisting of 
the 100k resistor and 0.01 /tiF capacitor 
add roll-off to the leading edge of the 
zero to 1 transition, eliminating any 
contact bounce caused by S1. It has 
been found by experimentation that the 
RC time constant should approximate 
(or be slightly longer) than the contact 
bounce of your particular switch; more 
about this later. 

During the zero to 1 transition, if the 
Q output of U2A is high, Q by defini-
tion is low. Since this low is also present 
on the data input as the clock makes the 
transition from zero to 1, Q goes to zero 
and 0 goes to logic 1. At the next zero 
to 1 clock transition the output states 
will change. 

When the Q output of U2A is low, it 
is inverted in U1B, turning on transistor 
Q2 and enabling relay K1. The Q out-
put, which is high, is inverted in U1C, 
turning off Q1 and relay K2, The 
4700-ohm resistors in series with the 
inverter outputs are determined by the 
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transistor collector loads. Do riot try to 
use a higher value or the transistor will 
not turn on. A lower value will most 
likely burn out the cmos inverter. Note 
that the series resistor R2 is 10k because 
Q3's collector load is greater than the 
loads seen by Q1 or Q2. 

The main function of transistors Q3, 
Q4 and Q5 is as a power switch. When 
transistor Q3 is turned by a logic 1 at 
the 0 output of U2A, it allows +24 
volts (or what is on the Q5 emitter) to 
be seen at Q5's collector. Several hun-

is driven directly by a complementary 
bipolar or IC output device; it can only 
be used where an output transformer is 
used {no dc component). Otherwise 
connect the Q3's collector across the 
volume control for an audio signal with-
out a dc component. 

cmos levels 
The graph of fig. 3 shows a large 

intermediate region in the operating 
characteristics of cmos logic that ex-
pands as the supply voltage, V D D , is 

fig. 1. Dc latch circuit using bipolar transistors requires up to 1.2 watt of power. In this circuit a 
+ 12 volt pulse at set input latches relay K1; +12 volt pulse at reset input resets K1. 

dred milliamperes of current can be 
switched in this way using a 2N2222A. 
More current can be switched by using a 
Darlington connection at Q5. 

When working with this circuit just 
remember that a logic zero at the base 
of Q3 turns on transistors Q4 and Q5. A 
logic 1 turns on Q3, pulling the base of 
Q4 to ground, which shuts off power 
switch Q5. If you don't mind relay 
noise, you can use a relay. However, if 
you like silent operation and no wasted 
relay power, use the solid-state arrange-
ment. 

If you consider transistor 0 3 by it-
self (forgetting 04, 05 and the three 
10k resistors for a moment), you can tie 
the collector of 0 3 to your speaker 
output for muting. This arrangement 
can't be used, however, if your speaker 

increased. This is where cmos realty 
shines — noise immunity. The maxi-
mum acceptable input level for a cmos 
device in a low-level input state, V J L , is 
30 per cent of V D D , or 4.5 volts when 
V D D = 15 volts. This means that a logic 
zero can be from 0.01 to 4.5 volts. 

At the other end of the scale, the 
minimum acceptable input level for a 
cmos device in a high-level input state, 
V ) H , is 70 per cent of V D D or 10.5 
volts when V D D = 15 volts. This means 
that a logic 1 can be 10.5 to 14.99 volts. 
The intermediate region (or noise mar-
gin) is from 30 to 70 per cent of V D D . 

Referring back to fig. 2, to effec-
tively combat contact bounce the RC 
time constant at one time constant 
(63.2%) should approximate or be 
slightly longer than the switch's contact 
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fig. 2 . M o d e r n dc latch uses cmos ICs for m i n i m u m current drain. E i ther relay switching (Q1 , K 1 or 
Q2 , K 2 ) or solid-state switching ( Q 3 , Q 4 and Q 5 ) may be used. 

bounce, arid should approximate 70 per 
cent of the supply voltage, V D D . 

When using cmos devices be sure you 
look at the manufacturers' specifica-
tions.2 If you are not using an input, tie 
it to ground or to V D D whichever is 
appropriate. Do not use cmos NAND or 
NOR gates to drive transistors — invert-

Voo - vm mini 

INTERMEDIATE REGION 

'00 'it (MAX) 

LOGIC "O" INPUT LEVEL 

3 5 10 12 
CMOS LOGIC LEVELS 

fig. 3. Graph of cmos logic levels shows how 
intermediate region w i t h high noise i m m u n i t y 
expands as the supply voltage is increased. 
Dashed lines show operat ion w i t h +S volt sup-
pfy (see text ) . 

ing or non-inverting buffers are designed 
to do this job. Be careful when handling 
cmos devices as the static burnout prob-
lem is very severe. In addition, do not 
use plastic bags or polyethylene snow 
for packaging cmos devices — this stuff 
has zapped more than one device. 

Reference 3 has much more informa-
tion on the use of cmos devices which 
should enable experimentally inclined 
amateurs to learn much more about 
these very useful devices. Just obey the 
rules and you can gain as much as a 
1000:1 reduction in circuit current 
drain. 

references 
1. John Schultz, W2EEY, "Solid-State Trans-
mitter Switching," ham radio, June, 1968, 
page 44. 
2. COS/MOS Digital Integrated Circuits, RCA 
Solid-State Data Book SSD-203B, RCA Solid 
State, Somerville, New Jersey 08876. 
3. M. Stiglianese, "Interface CMOS Logic 
with Switches," Electronic Design, August 16, 
1974, page 80. 
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0 CRYSTAL FILTERS 
and 

DISCRIMINATORS 

XF9-.NB 

We are pleased to announce the latest addition to the KVG high performance 9 MHz 
crystal filter line. The XF9-NB is a 500 Hz band width filter designed for CW recep-
tion and narrow band digital data circuits. Its characteristics almost eliminate the 
ringing effect present in less sophisticated narrow band filters. The XF9-NB, like all 
other KVG 9 MHz filters, has internal input and output transformers to facilitate 
matching its natural impedance to adjacent circuit stages. 
Write for detailed specifications. Price $63.95 
Export inquiries invited. Postage 50<J 

144/148 MHz 

FOR LONGE RANGE 
REPEATER A C C E S S 

GAIN 12.6dB REF DIPOLE 
FEED 50Q COAXIAL 

$48.70 

ANTENNAS 
420-450 MHz 

70/MBM46 
GAIN 17.3dB REF DIPOLE 
GAIN VARIATION ACROSS 
BAND L E S S THAN 0.25dB 

FEED 50$} COAXIAL 
$51.75 

GAIN +20dBi 
FEED 501? COAXIAL 

$51.75 

PRE-SELECTOR FILTERS 
We are pleased to introduce UHF pre-selector band pass filters for the 435 MHz and 
1296 MHz bands. The 8 % band width, 3 pole interdigital design eliminates the inter-
ference problems caused by strong TV and FM broadcast signals. 

MODEL 
FREQ. RANGE 
R IPPLE TYP. 
I. L. TYP. 
CONNECTORS 
IN/OUT IMPEDANCE 
Postage $1.00 

JMF432 
420-450 MHz 
O.ldB PEAK 

0.15dB 
BNC 

50 OHMS 
$34.95 

JMF1296 
1250-1340 MHz 

O.ldB PEAK 
0.2dB 
TNC 

50 OHMS 
$32.95 

Write for detailed specifications. ^ ^ SPECTRUM 
Antennas FOB Concord, Mass. INTERNATIONAL 

BOX 1084 CONCORD 
MASSACHUSETTS 01742 

U. S. A. SI 
More Details? CHECK-OFF Page 94 august 1975 m 4 5 



fet-controlled charger 
for small 

nicad batteries 

CO 

A novel use § 

of the fet 

produces this simple 

constant-current 

nicad charger 

Rechargeable nickef-cadmium batteries 
have become very popular over the last 
few years, not only for hand-held fm 
transceivers, but also for powering test 
equipment. Several ideas for inexpensive 
chargers have been tried, but maintain-
ing a constant rate of charge has been a 
problem.1 

The Regency HRT-2 uses the Re-
gency MA-50, Eveready N64, Gould 
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CD64, or the Alexander R64 recharge-
able nicad battery, which is representa-
tive of the batteries used in most hand-
held units. Regency recommends a 
charge rate of 50 mA and a trickle or 
"float" rate of 15 mA, It is detrimental 
to the nicad if the voltage across the 
battery rises too high. This particular 
battery is fully charged at 14.4 volts, so 
a 15-volt zener diode was chosen to 
provide over-voltage protection. 

constant current charger 
Junction field-effect transistors can 

be used as constant-current sources sim-
ply by shorting the gate to the source. 
The current which results is the ld s s 

rating given in the data sheets. Type 
2N3819 fets were used in the circuit in 
f ig. 1 simply because there was an abun-
dance of them on hand. Practically any 
n-channel junction fet will work, but 
only devices that have an ld s s of 8 to 15 
mA should be used. There are special 
power fets available, but most of the 
inexpensive plastic devices will strain to 
dissipate a quarter of a watt at room 
temperature — so don't crowd them. 
The six fets used were actually graded 
by connecting them as shown in fig. 2 
and grouped to supply the 15 mA or 50 
mA as selected by the switch. 
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r - r n V o 

TO TOUGH TONE 
PAD OR OTHER 
ACCESSORIES 

rrr 
fig. 1. The field-
e f f e c t dev ices 
used in this ni-
cad charging cir-
cuit were select-
ed to supply the 
proper charging 
and trickle cur-
rents as selected 
by switch S2. 2H3BI9 

The photograph shows a few other 
frills that were added to the basic 
charger to make life on two meters a 
little more enjoyable. The hand-held 
portable becomes a low-power base sta-
tion when placcd in the charger. The 
HRT-2 has both antenna and battery 
terminals in the base, so placing the unit 
on the charger connects the external 
antenna and places the battery on 
charge. The external microphone and 
PTT keying is connected to the top of 
the HRT-2 to enable the hand micro-
phone and the Touch-Tone encoder to 
function. The ac power is switched by a 
microswitch mounted so the weight of 
the transceiver turns it on. The unit is 

6-12 VOC 
SUPPLY (-I 

Hb © 

held firmly to the charger with a black 
elastic garter, a difficult item to locate 
nowadays. 

As an added bonus, the unit can be 
used far from ac power lines just for the 
Touch-Tone encoder function. It is nec-
essary to use an external antenna, but at 
least the charger serves as an adapter 
from the mini-phone plug to the more 
popular UHF or BNC connectors. 

The hookup of the Touch-Tone pad 
is standard with fm operators so no 
details are included here. The 1/16th 
amp fuse is not necessary but is added 
life insurance against a semiconductor 
failure. 

reference 
1. R. D. Shriner, WA0U2O, "Charging 
Nickel-Cadmium Walkie-Talkie Batteries," 
QST, August, 1973, page 44. 

ham radio 

fig. 2. Setup for testing fels for the drain-to-
source current, Idss. measured wi th the gate 
shorted to the source. 

The Regency H R T - 2 sits atop the charger over-
looking the ever popular Touch-Tone pad. 
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techniques 
ed noli, W3FIJ 

QRP fet transmitter 
The Siiiconix 2N3970 switching fet per-
forms weH in low-powered transmitter 
circuits such as crystal oscillators, mod-
ulators, rf amplifiers and frequency 
multipliers. Circuit simplicity is an fet 

advantage and many circuits are identi-
cal to vacuum-tube arrangements except 
that no filament power is required. The 
two-stage crystal oscillator and amplifier, 
fig. 1, requires approximately 500 mW 
dc input to the final and can be oper-
ated from two 12-volt lantern batteries 
in series. At W3FQJ it operates from the 
solar power supply detailed in the No-
vember, 1974, issue of ham radio.1 A 
12-volt motorcycle battery has also 
been added to the installation, providing 
24-volt capability. 

The oscillator is a Pierce-type and 
requires no resonant output circuit The 
signal is capacitively coupled to the gate 
of the amplifier with an rf choke serving 
as a means of applying the drain supply 
voltage. A 1-mA meter can be con-
nected across the low-value gate-circuit 
resistor to provide an indication of gate 
current and, therefore, the strength of 
the oscillator signal arriving at the gate. 
The meter can be connected and discon-
nected without any influence on the 
operation of the transmitter because the 
value of R4 is very low in comparison to 
the value of the gate resistor, R3. The 

OUTPUT 

C8—^ CM mA OOI 

fig. 1. Two-stage fet QRP transmitter uses crystal oscillator stage, Q1, and power amplifier, Q2. Dc 
power input is about 500 mW. A vfo may be uMd if desired. For 80 meters L I is 50 close-spaced 
turns no. 24 on 13/16" (20mm) toroid com. 
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low-value capacitor C2 aids crystal start-
ing when operating at low frequencies. 
Parts values and information are given 
for operation on the 80-meter band. 

The resonant circuit of the rf ampli-
fier consists of a toroid coil and two 
series-connected trimmer capacitors. 
These capacitors are used both for tun-
ing and for obtaining an impedance 

meter is a relative measure of the level 
of the rf output voltage. This meter can 
also be connected and disconnected 
without affecting the output power 
level. 

The simple two-stage QRP trans-
mitter is mounted on a Vector board, 
fig. 2. This is micro-vector board type 
84P44-062; the 0.042-inch (1-mm) hole 

fig. 2. Two stage fet Q R P transmitter is built on piece of Vector pert board as shown here. 

match to a low-impedance load. Capaci-
tor C4 influences primarily the resonant 
tuning; capacitor C5 is for the impe-
dance match. The amplifier drain cur-
rent can be measured with a 50-mA 
meter or an appropriate vom current 
scale. The product of drain current and 
supply voltage represents the dc input 
power to the amplifier. As in vacuum-
tube practice, when the resonant circuit 
is tuned through the resonant point, 
there is a dip in drain current. 

A 1N34 diode and resistor-capacitor 
filter are used as an rf output indicator. 
The dc current indicated on the 1-mA 

size and 0.1 inch (2.5mm) spacing are 
ideal for mounting transistor and IC 
sockets. The Vector T42-1 micro-clips 
can be inserted conveniently into the 
holes to provide terminals. This method 
of construction will be used throughout 
the Expro projects. Binding posts are 
convenient for making tests and inter-
connections. Stick-on protector pads 
(available at hardware stores) provide 
support and permit the bulk of the 
wiring to be done underneath the Vec-
tor board. 

The toroid core is the 13/16-inch 
(20-mm) type. The winding consists of 
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fig. 3. For portable use you may want to use a 
rechargeable Gel/Cel battery made by Globe 
Battery, Milwaukee, Wisconsin. 

50 close-spaced turns of number-24 
enameled copper wire. There are two 
binding posts positioned on each side of 
the toroid. Later you may wish to oper-
ate on other bands and they provide an 
easy means of changing coils for multi-
band operation. The two trimmer capac-

itors are mounted near the coil so they 
can be easily adjusted while observing 
the readings on the output indicator. 

You may wish to drive the two-stage 
transmitter with a variable-frequency 
oscillator connected to the vfo input 
binding posts, fig. 1. For this mode of 
operation you need only remove the 
crystal from its socket. 

tuneup 
To check out the transmitter, first 

insert the crystal and the two fets. 
Arrange the supply voltage so as to 
apply power, initially, to the oscillator 
only. Connect the 1-mA meter across 
the gate resistor R4. 

Turn on the oscillator stage. Note 
that there is an indication on the meter. 
This indicates that the oscillator is oper-
ating and there is adequate drive to the 
amplifier, enough to draw gate current. 
Meter reading is low and approximately 
0.1 mA. Note that if the crystal is 
removed from its socket, the current 
reading falls to zero. Also, if the ampli-
fier fet is removed from its socket the 
meter reading falls to zero. 

Insert the 50 mA meter in the supply 
line to the drain of the amplifier. Adjust 
capacitor C5 for near maximum setting. 
Apply power to both stages. Now tune 
capacitor C4 through its range. Note the 

fig. 4. This 80-meter 
inverted vee antenna 
with multi-band seg-
ments may be reso-
nated on any of the 
high-frequency ama-
teur bands (see text). 

BASIC BOM 
INVERTED 
OIPOLE 

sr O O 
(7m) (4 9m) (75m) 

33' 
<10 7m) 

B C P 
24.5' KZ) 16' KD i F 

<7.Sm) 

6' 
(tern) 

52 E S S august 1975 



dip in the drain current as the output 
circuit is tuned through resonance. 

Transfer the 1-mA meter to the indi-
cator circuit {across capacitor C8), con-
nect a 68-ohm resistor across the ampli-
fier output, and turn on the transmitter. 
Ad just capacitor C4 for maximum 
meter reading. Now adjust capacitor C5 
for best output. Jockey back and forth 
between C4 and C5 until maximum 
output is obtained. 

Jot down the output meter readings 
and the drain current reading, and calcu-
late the dc power input to the amplifier 

Pin = V D D 'D 

Typical dc input power is 480 milliwatts 
(24 V x 20 mA). 

Now connect an oscilloscope across 
the output. Note the good quality of 
the generated 80-meter sinewave. Key 
the transmitter, noting the influence on 
the oscilloscope pattern and the drain 
and output current meter readings. 
Tune the transmitter in on your re-
ceiver. Check out the keying quality of 
the CW signal. 

Remove the 68-ohm resistor which is 
across the output, disconnect the oscil-
loscope, and connect your 80-meter di-
pole antenna across the output. Retune 

p — I / A X »j 

- -Oj - ^ c ^ -
0OM 

a S / 4 \ » 

o o o Z O M 

- 3 / 4 K -

XT X) ZT 40M 

• 1 / 4 A -

XT X)—O" 
I 6 0 M 

fig. S. How to use the basic antenna system of 
fig. 4 on four bands by using jumpers. 

fig. 6. Installing a simple Jumper wire across 
the antenna insulator to adjust resonance. 

the transmitter. If your antenna system 
matches properly there should be very 
little change in drain current or the 
output meter reading. If your antenna is 
not resonant to exactly the crystal fre-
quency the meter readings might not be 
the same. Vou are now ready to operate 
your fet Q R P transmitter. Initial 
W3FQJ contacts with this little rig were 
with W2UEZ and W2UUV/1. 

The rig can also be operated portable 
using the Globe Gel/Cel 4.5AH 12-volt 
battery. This convenient battery can be 
supplied with its own charger or it can 
be charged from a small solar energy 
converter, fig. 3. 

single antenna — four bands 
In my solid-state and QRP experi-

ments I needed a single good perform-
ing, one-transmission-line test antenna 
for the 20-, 40-, 80- and 160-meter 
bands. In addition, it should be possible 
to resonate the antenna to any fre-
quency in any band. For good perform-
ance there should be a current loop at 
the top of the antenna for each band. 
For convenience it is helpful to make all 
resonant frequency and band changes 
from the ground level and without let-
ting a mast down or putting it back up. 
A bit of walking to make changes was 
welcome rather than frowned upon. 

The Inverted-Vee antenna was se-
lected because current maxima could be 
positioned at the apex for each band by 
proper selection of leg length. At the 
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same time all changes in resonant leg 
length could be made from ground level. 
This is accomplished by making each leg 
length some odd multiple of an elec-
trical quarter wavelength, reflecting a 
low impedance to the feedpoint at the 

jumper open or closed plan for four-
band operation. All of this can be done 
conveniently f rom ground level. The 
photograph of fig. 6 shows how a jump-
er is closed across a standard ceramic 
insulator. 

table 1. Free-space dimensions (f in MHz). 

1/2 wavelength 492/ f (feet) 
3/2 wavelength 1496/f (feet) 
5/2 wavelength 2460/ f (feet) 
7/2 wavelength 3444/f (feet) 

150/f (meters) 
450/ f (meters) 
750/ f (meters) 

1050/f {meters) 

apex. The final antenna operated as an 
inverted dipole on 80 and 160; a 3/2X 
Inverted-Vee on 40; and 5/2X on 20. 

A general plan of the antenna is 
shown in fig. 4. The 80-meter segment is 
a conventional inverted dipole wi th its 
apex about 35 feet (11m) up at W3FQJ, 
wi th wire ends reaching down to 4 to 5 
feet (1 to 1.5m) above ground level. 
From these accessible ends the legs of 
the antenna span out horizontally at the 
same level. 

Segment B, approximately 25-feet 
(7.6m) long, when added to segment A 
with a jumper in each leg sets up the 
5/2X antenna on 20 meters. Additional 
15-foot (4.5m) segments jumpered onto 
leg ends establishes a 3 / 2 \ on 40. Fi-
nally, about 25 additional feet (7.6m) 
provide a half-wavelength antenna on 

Free-space dimensions for a sequence 
of odd quarter-wavelength segments is 
shown in table 1. These free-space 
lengths must be shortened to obtain an 
electrical resonance with a wire antenna. 
The fol lowing formulas are normally 
used to f ind the length of a quarter-
wavelength dipole leg: 

234 
leg length (feet) =7 

'MHz 

71 3 
leg length (meters) = — — 

' M H z 

This works for most amateur bands. 
However, when building a 160-meter 
antenna recently I found the leg length 
was more closely given by 2 2 8 / f M H z 

(feet) or 6 9 . 5 / f M H z (meters), possibly 
showing the close-to-ground influence. 

table 2. Oesign equations and resonant points for inverted-vee antenna shown 
in fig. 4. 

measured 
band antenna aquations resonance 

160 M 1/4 wavelength 228/MHz (feet) 69.5/MHz (meters) 1850 kHz 
80 M 1/4 wavelength 234/MHz (feet) 71.3/MHz (meters) 3930 kHz 
40 M 3/4 wavelength 725/MHz (feet) 221/MHz (meters) 7290 kHz 
20 M 5/4 wavelength 1210/MHz (feet) 369/MHz (meters) 14340 kHz 

160 meters. The legs do not necessarily 
have to run straight away. When neces-
sary they can be ti l ted away from the 
plane of the Inverted-Vee by as much as 
40 to 60° to permit accommodation to 
the mounting site. 

The arrangement of each leg of this 
antenna is shown in fig. 5, showing the 

By experiment I have found that the 
leg-length equations for 3/4 wavelength 
are 752 / f M Hz ( f e e t ) a n d 2 2 l / f M H 2 

(meters); for 5/4 wavelength the equa-
t i o n s are 1 2 1 0 / f M H z (feet) and 
369/ f M Hz (meters). These equations 
should get you into each of the desired 
bands. H o w e v e r , some l e n g t h ad-
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fig. 7. Resonating to a spot frequency in any 
band may be accomplished with short clip-
on sections. 

justments will undoubtedly be necessary 
for resonance at your preferred fre-
quency as variables inevitably creep into 
any antenna installation. 

Resonating to a spot frequency with-
in any one band can be handled with 
clip-on sections, fig. 7. In using the idea 
of the clip-on section, dimension the 
antenna segments to the high end of 
each band. For example, the 80-meter 
inverted dipole is resonated near 3.95 
MHz. Two clip-on sections of proper 
length can then be used to resonate the 
dipole to any lower frequency in the 
same band. For the case in point clip-on 
lengths of 4 feet (1.2 meter) tune the 
antenna to resonance at 3.6 MHz. 

The dimensions given in fig. 4 are the 
final practical values. Data for them are 
given in table 2. Of course, you may 
wish to cut the antenna segments for 
resonance at the center of the phone 
segment of each of the bands. If you 
decide to do this, a single pair of clip-
ons for each band can then be used to 
lower antenna resonance into the CW 
band. 

reference 
1. Ed Noll, W3FQJ, "Solar Power," ham 
radio, November, 1974, page 52. 
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simple 

-frequency keyer 
for RTTY 

This easily-duplicated 

afsk unit 

produces a stable, 

smoothly-switched, 

sine-wave output 

from a minimum 

of components 

With a minimum of parts and a bit of 
electronic serendipity, I designed and 
constructed the audio-frequency-shift-
keyer described herein. I received excel-
lent and gratifying reports as well as 
queries on its circuitry f rom experts on 
the air and friends who have used my 
"spare" on both afsk a-m on two meters 
and fsk via ssb-afsk on the low bands. 
Most don' t believe me when I tell them 
that it uses only one transistor and no 
filter or other complication. The device, 
however, doesn't know that, so it con-
tinues to funct ion and to enjoy the flat-
tery of its more complicated counter-

ed CJ 
o> Is-o 
> « <A 
W 09 —» 
5 a> 

« a. 
£ 
j2 

> 

T3 
O O 
3 •o 

in 

CM 

5 
d» c 
£ 

parts. Consult the circuit diagram (fig. 
1) and you' l l see immediately that it is a 
gutless thing, w i th only a few parts.* I 
almost forgot to mention that i t also puts 
out a pure sine wave! 

circuit description 

The power supply is derived f rom the 
loop current (typically 60 mA), and 
when the loop current disappears during 
spacing, the electrolytic supplies the 4 
mA required by the oscillator. Since the 
device is insensitive to voltage changes, 
the small drop in supply voltage is not 
detectable. 

As wi l l be developed in the data 
tables to fol low, power supply voltage 
changes f rom 15 to 30 volts have less 
than 6 Hz effect on the frequency and 
only a 5 per cent effect on the audio 
frequency output voltage. The oscillator 
is a Hartley type, using a resistance load-
ed inductor wi th a Q of ten. The "grid-
leak" has no capacitor across it. These 
points, in addition to the current regu-
lating nature of the j fet, are what allows 
transient-free frequency-shift keying. 

The opto-electric coupler keys a diode-
switched capacitor to change f rom mark 
to space frequencies. The coupler is re-
quired for isolation and to obtain the 
very high impedance needed for good 
switching. 

*A printed-circuit board and the components 
for the afsk can be obtained from Varco De-
vices, Drawer 8, Stirling, New Jersey 07980. 
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Note that you could get away with 
one logic diode in lieu of the diode 
bridge if you connect the R T T Y loop 
up with the proper polarity. The bridge 
arrangement is better, as anybody can 
wire it up and get the correct polarity 

the 2975-Hz space frequency by un-
winding turns from the toroid. 

You can tune the unit on the R T T Y 
loop, or you can use an equivalent 
source of power of 18 volts, current 
limited with a resistor to 60 mA. What-

table 1. Audio frequency and cms voltage at top of toroid as a function 
of supply voltage. Above 15 volts both frequency and audio output are 
Independent of supply voltage. 

850 Hz shift tones 170 Hz shift tones 
power marking spacing marking spacing 
supply freq audio freq audio freq audio freq audio 
volts Hz volts Hz volts Hz volts Hz volts 
10.0 2100 13.3 2900 13.5 2096 13.3 2264 13.3 
15.0 2125 18.5 2966 18.7 2121 18.7 2294 18.5 
20.0 2134 19.7 2983 20.5 2128 20.1 2302 20.1 

25.0 2133 20.1 2986 20.3 2128 20.3 2303 20.0 

30.0 2131 19.6 2987 19.6 2130 20.1 2304 19.3 

on the circuit, thus providing protection 
at the same time! 

It is no surprise that the 88-mH to-
roid and the capacitors aren't " on the 
button" items; thus, you will have to 
tune the circuit to the appropriate fre-
quencies by trial and error. For 850-Hz 
shift keying between 2125-Hz mark and 
2975-Hz space, the values for C1 and C2 
are 0.0317 /LtF and 0.0330 juF, respec-
tively. For 170-Hz shift the values are 
0.0555 juF and 0.0092 juF. Please note 
that the toroid in this case had an induc-
tance of 86.7 mH. You could never be 
so lucky as to get an identical one, but 
you can come close if you start with a 
capacitor of about 0.033 /uF and tune to 

ever you use, I suggest that you connect 
a temporary short across the L E D in the 
MOC1002 (pins 1 and 2). This will put 
the unit in the spacing condition and 
you can now tune C1. Next, remove the 
short and tune C2 to the mark fre-
quency. Since there may be a little 
interaction, recheck it, and when you 
are satisfied solder the capacitors in 
place. If you desire both shifts, you can 
add a dpdt switch and the two addi-
tional capacitors. 

The only other adjustment depends 
upon your audio output requirements. 
Each turn of output secondary you 
wind on the toroid gives about 20 mV 
of audio output for your microphone 

ZH54Sa 

TO XMTR . 
MICROPHONE > 

INPUT 

090 .031? .0330 
170 .0599 .0092 

(VALUES FOR 86.7 mH) 

fig. 1. Schematic diagram of the afsk Keyer. Values for C I and C2 are approximate; oscillator must 
be tuned to frequency by removal of turns from the 88 mH toroid. 
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There's | 
nothing | 
like it • 

RAOIO AMATEUR | | I 

cal lboo 
Respected worldwide as 
the only complete authority 
for radio amateur 
QSL and QTH information. 

The new 1975 U. S. Callbook has nearly 
300,000 W & K listings. It lists calls, license 
classes, names and addresses plus the 
many valuable back-up charts and refer-
ences you come to expect from the Callbook. 

Specialize in DX7 Then you're looking for 
the new, larger than ever 1975 Foreign Call-
book with almost 235,000 calls, names and 
addresses of amateurs outside of the USA. 

k 

United States 
Callbook 
All W & K Listings 
$12.95 
with 
3 Service Editions 
$18.95 

Foreign Radio 
Amateur Callbook 
OX Listings 
$11.95 
with 
3 Service Editions 
917.95 

Order from your favorite electronics deal-
er or direct from the publisher. All direct 
orders add 751 shipping and handling per 
Callbook. 

- f O * RADIO AMATEUR I I I I 

t L £ c a l l b o o k i N c 
J S j f f Dept. E 925 Sherwood Drive 

Lake Bluff, III. 60044 

table 2. Audio frequency as a function of shift, 
loop current and supply voltage. 

power spacing marking marking 
supply zaro mA 50 mA 70 mA 
volts 850 170 850 170 850 170 

5.0 2784 2209 2503 2053 2050 2047 
7.5 2891 2260 2093 2090 2094 2090 

10.0 2934 2280 2112 2107 2111 2109 
12.5 2957 2291 2130 2118 2120 2117 
15.0 2967 2296 2140 2122 2125 2122 
17.5 2974 2298 2140 2124 2127 2124 
20.0 2975 2299 2139 2124 2128 2125 
22.5 2976 2300 2138 2125 2128 2124 
25.0 2977 2300 2136 2125 2128 2125 
27.5 2978 2300 2135 2125 2127 2125 
30.0 2978 2300 2133 2125 2128 2126 

ideal 2975 2295 2125 2125 2125 2125 

Note: Frequencies at 60 mA are within a few Hz 
of those shown at 70 mA. 

input. In my case one turn was enough, 
so you can be accordingly cautious. 

performance 

I don't intend to defend my design 
with great amounts of data which may 
prove difficult for you to verify. But let 
me say this: on 170-Hz shift you can't 
find any defect or transient problem as 
determined by scope, ear, or R T T Y ex-
pert; on 850-Hz shift there is a bit. 

Recently, I borrowed a Western Elec-
tric Telegraph Transmission Measuring 
Set (model 164C2) and used it to check 
the above conclusions, J played a test 
tape into the TD to key the loop and 
thus the afsk. The tones were simultane-
ously demodulated with a terminal unit 
which keyed a second loop containing 
the distortion meter and a printer. The 
170-Hz shift was — as advertised — per-
fect, and the 850-Hz shift mode showed 
about one percent distortion that could 
be blamed on the afsk. 

The data in tables 1 and 2 quantify 
my statements about the frequency sta-
bility and constant-amplitude audio out-
put of the circuit. In order to make 
these tests, the circuit was altered by 
applying static voltages, then measuring 
the resulting frequencies and voltages. 

ham radio 
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tebook 

TTL crystal oscillators 
Since building a frequency counter, 

I've been intrigued by TTL crystal oscil-
lators because of their simplicity. Pre-
viously I had not been able to obtain 
rel iable performance at frequencies 
above a few MHz, but I recently ran 
across a circuit that purrs like a kitten at 
14.833 MHz, the highest frequency 
crystal in my junk box. While checking 
out this circuit, the possibility of fre-
quency modulating a TTL oscillator 

470 470 -wv vi/v-

C H O 
100 VARICAP 100 

H f - r ^ H l M 

OUTPUT 

MHt 

,0 6, 
AUDIO 

fig. 1. Frequency-modulated crystal oscillator 
uses T T L gates and varicap diode. Perform-
ance curves are shown in fig. 2. 

came to mind. The circuit is shown in 
fig. 1. 

The varicap I used was one of Radio 
Shack's specials, since that was what 
was in the junk box. With no audio, the 
bias was varied to obtain voltage/ 
deviation curves with two available 
crystals, an FT243 at 8.1 MHz and an 
HC6/U at about 7.2 MHz. The two 
curves are shown in fig. 2. A bias of 4 
volts was chosen. 

Since I hadn't been bitten by the 
2-meter frn bug at the time I first built 
this circuit, there was nothing in the 
house to monitor the output except a 
six-band general-coverage receiver which 
covered the 2-meter band along with 
police and other frequencies. The 18th 
harmonic of the oscillator was strong 
and the audio quality seemed to be sur-
prisingly good. I had K0PHF's Heath 
Twoer on the bench, and with one con-
nection change (and a different crystal) 
the output of the oscillator was plugged 
into the Twoer's crystal socket. It drove 
the Twoer nicely, and to keep it in the 
sphere of amateur radio, a contact was 
made through the local 34/94 repeater. 

The Twoer first stage, a tripler, seemed 
to flourish on the harmonic content 
of the TTL oscillator. Succeeding stages 
should do a fair job of curtailing final 
harmonic output. However, this must be 
carefully checked before any long-term 
2-meter operation as additional filtering 
may be required. 

George Chynoweth, W0JVA 
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fig. 2. Deviation of frequency-modulated T T U 
oscillator shown in fig. 1. 
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filter alignment 
Moore covers a lot of territory in his 

recent article1, but he couldn't include 
everything. However, one point does 
need to be expanded: using the spec-
trum analyzer and noise generator for 
matching and aligning filters. I have 
been using this method for several years. 

I first used the noise generator in my 
Omega-T antenna bridge in lieu of a 
good sweep generator that would cover 
the i-f frequencies. A Heath SB620 
Scanalyzer was connected behind or 
ahead of the filters under test. Unfor-
tunately, the SB620 covers only the i-f 
it is built for. I was interested in an i-f 
of 5645 kHz and the SB620 was equip-
ped with those coils (various frequency 
coils are supplied in the SB620 kit). 

The object of all this was to properly 
match and align a Drake R4B receiver 
after installing an 8-pole, 3.7 kHz filter 
in place of the original, rather wide, 4-
pole, 8 kHz filter. More recently the 8 
kHz filter was removed from an R4C 
and replaced with a 5 kHz filter. 

To align the filter I coupled the noise 
bridge into the antenna terminal of the 
receiver, and the AVC was turned off. 
The SB620 is coupled very loosely to the 
grid of the first tube after the filter which 
is being adjusted. Observe the lower cor-

1. Ray Moore, "Designing Communications 
Receivers for Good Strong-Signal Perform-
ance," ham radio, February, 1973, page 6. 

ners of the bandpass curve. You will 
probably see something like fig. 3, curve 
A. But what you want, and can get by 
adjusting the coupling components, is 
curve B. 

What you may not suspect is that the 
SB620 can be placed ahead of the filter 
to display the "suck-out" of the filter 
(its low-impedance swamping of the in-
coming noise). This curve, fig. 4, is just 
about the reciprocal of fig. 3. The area 
between the solid and broken lines is 
what you have gained by proper match-
ing and isolation. 

The curve in fig. 4 also illustrates 
what happens when the SB620 is con-

fig. 3. Display of filter response with noise 
generator input and SB620 installed after the 
filter. Curve S can be obtained with careful 
matching and tuning. 

nected as a pan adapter in front of a 
good filter which has a fairly low impe-
dance. This results in off-frequency sig-
nals appearing stronger than those with-
in the passband of the filter. This is 
rather disconcerting when you wish to 
check the frequency to which you are 
tuned: it will look like a clear spot and a 
good place for a CQ when, in fact, there 
may be signals there. 

Arthur E. Lux, W7UC 

-BEFORE 

NOISE—/ TBI I - \J 
fig. 4. Display of filter "suck-out" with 
SB62Q installed in front of the filter. This 
curve is nearly a reciprocal of that shown in 
fig. 3. 
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RTTY video display 
unit 

Leland Associates has announced a 
new RTTY video display unit, the 
model 872 Viditype, which will provide 
a video display of RTTY signals on any 
standard television receiver's unused 
channel. No modifications are required 
to the TV receiver — simply connect the 
unit to the antenna terminals. The 
model 872 is directly compatible with 
all common RTTY terminal units and 
features CR-LF on line feed signal, auto-
matic CR-LF on 40th character or a 
space in positions 36 to 40, automatic 
page unshift at the end of the 25th line, 
manual clear (starts print at upper left 
screen), selectable down-shift on space, 
manual letters key, and print suppres-

sion on all nonprinting functions. Char-
acter format is 40 characters per line, 25 
lines of display and 1000 character dis-
play capacity. The video system uses a 
crystal-controlled sync generator with a 
video bandwidth of 3 MHz and 30 Hz 
refresh rate. Output is 2000 microvolts 
at 50 ohms on TV channels 3 to 6. 

The model 872 video display unit is 
priced at $450 in kit form ($550 assem-
bled and tested) plus $3.00 shipping and 
insurance. Specify Baudot or ASCII in-
put. For more information, write to 
Leland Associates, 18704 Glastonbury 
Road, Detroit, Michigan, 48219, or use 
check-off on page 94. 

triad catalog 
Triad-Utrad's new 1975-76 Replace-

ment Catalog and Television Guide for 
Transformers is now available. The 
70-page catalog features several hundred 
replacement transformers including 
color TV components, deflection yokes, 
flybacks, vertical outputs and filter 
chokes, as well as power, filament and 
audio transformers. Copies of the cata-
log are available on request from Steve 
Fisher, General Manager, Triad Utrad 
Dis t r i bu to r Services, 305 N o r t h Briant 
Street, Huntington, Indiana 46750, or 
use check-off on page 94. 

450-MHz 
fm transmitter and 
power amplifier 

VHF Engineering has recently an-
nounced the availability of a new 
450-MHz fm transmitter and companion 
10-watt, 450-MHz power amplifier. For 
the first time, simple kits are available 
to permit fm operators to get on 450 
MHz without relying on expensive new 
or surplus equipment. Previously, the 
uhf fmer had to purchase surplus tube-
type uhf fm equipment which was ex-
pensive (and difficult to maintain), or 
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he had to purchase new fm gear de-
signed for the amateur market. The new 
gear is much more reliable than the 
older surplus, but it is very expensive. 

VHF Engineering has announced the 
availability of a simple 1-watt, 450-MHz 
transmitter kit and a 10-watt 450-MHz 
amplifier kit designed for construction 
by the average amateur. These kits are 
relatively easy to build and do not re-
quire sophisticated test equipment. The 
kits are fully solid state and use readily 
available components. An experimenter 
who builds these kits will be able to 
maintain them himself, a distinct ad-
vantage over purchasing a wired and 
tested unit. 

The 450-MHz transmitter consists of 
f ive s imp le stages starting with a 
varactor-modulated crystal oscillator us-
ing crystals in the 18-MHz range. The 
oscillator quadruples to 55 MHz and 
drives the first of three doublers. The 
first two doublers use 2N3866 transis-
tors in a standard doubling configura-
tion. The last doubler uses a 2N3553 
and delivers output to the final on 450 
MHz. The final amplifier transistor is a 
2N5913 operating straight through at 
450 MHz, delivering 1 watt output out 
on the 450 MHz fm band. 

While one watt may be sufficient for 
some applications, additional power 
really helps in rough terrain when using 
a repeater and is an absolute must when 
operating direct on 450 MHz. The V H F 
Engineering 450-MHz, 10-watt amplifier 
wil l supply this extra power at nominal 
cost. The power amplifier is well de-
signed and very easy to build. Most 
experimenters should be able to com-
plete it in less than two evenings. The 
power amplifier uses two balanced-
emitter uhf transistors and delivers 
slightly more than 10 dB gain. For one 
watt input, the minimum output is 
10 watts. 

Each V H F Engineering kit consists of 
top quality components and epoxy-glass 
Circuit boards. The instructions are 

/"ni NEW SIZES — VERTICAL MOUNT PC BOARD\ 
POTENTIOMETERS ^ 

American made (CRL) high quality 
pots. Available in the following 
sizes: 750 ohms, 1500 ohms, 
25,000 ohms, 50,000 ohms. 100,000 
ohms, 750,000 ohms. Price is 5 for $1.00 ppd. 

J U S T ARRIVED - FITS T03 
ALUMINUM HEAT SINK 

Very nice American made 
heat sink. 1/16 inch thick 
and approx. dimensions are 
1V2" x 1" x 1" high for 
T03 transistor. 

Price is a low 45^ each or 
3 for $1.25 ppd. 

ALSO Aluminum heat sink similar to above 
but with only hole in center. 

354 each or 3 for $1.00 ppd. 

NEW NEW NEW 
SPDT MINI-SLIDE SWITCH, Imported, black, 
y4" O.C. with two 6" leads 40c ea. ppd. 

COOL 30-0-30 V • 2.5 AMP SHIELDED TRANS-
FORMER — NEW — AMERICAN MADE YES 
— 3 pound with 13A" deep core vertical end 
bell mount. 2%" w. x 3" h. x 3Vi" deep, 
with 6.3 V - 1A winding. $4.85 ppd. 

NEW . . . Red 6 foot #18-2 line cord with 
flanged safety plug — 55<f ppd. 

.1 MFD, 10V, CRL DISC CAPAC-
k j ITOR dia., long leads. 

I U 10 for $1.00 ppd. 

IDEAL FOR 2M POWER — Transformer, 115 
VAC primary, 18 volt, 5 amp ccs or 7 amp 
intermittent duty secondary $6.00 ea. ppd. 

UNPOTTED TOROIDS — All toroids 
are center tapped, 88MHY or 44 MHY 

Price is a low 5 for $2.75 ppd 

Transformer American Made — Fully shield-
ed. 115 V Primary. Sec. — 24*0-24 @ 1 amp 
with tap at 6.3 volt for pilot light. 

Price -— A low $2.90 each ppd. 

NEW NEW NEW 
Sperry SP-332 contains 
two 7 segment readouts, 
.330 high, side by side 
layout, black glass face, 
orange characters with 
decimal. % in. square. 
W/specs. 

$3.50 each, 3 for $10.00 

NEW NEW NEW 
A M E RIC A N Ml A D E D U A L 
Electrolytic 1000 & 500 MFD. 
15V, long leads. 3A" dia. x 
2V4" long. 

55tf each, 3/$1.50 ppd. 

3 inch 4 ohm VC Square frame 
with 4 mounting holes. 

$1.20 each ppd. 

AMERICAN MADE POWER CORD, 6 foot, gray, 
7A, plugs into auto liter socket 75tf ea. ppa. 

SEND STAMP FOR BARGIN LIST 
Pa. residents add 6% State sales tax 

ALL ITEMS PPD. USA 
Canadian orders for less than $5.00 add $1.00 
to cover additional postage costs. 

m . ujeinxchenker 
>> K 3DPJ BOX 353 • IRWIN, PA. 15642 
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• m r a u e M i l 
- .WtIeU^tlioUi 
WILL nu TPL SPECIALS 
TPL (TRANSISTORIZED 
PROGRESS LINE) 
by General Electric fea-
tures all transistorized 
receiver, exciter, power 
supply, three or four 
tubes in the transmitter. 

6 & 2 
METER 

RE 72 JB3 — 42 to 50 MHz, 100 Watts Output. 
With NOISE BLANKER to eliminate ignition and 
other noises. Two frequency transmitter, 
single frequency receiver. These should be 
great for six meter use. With accessories. 
Regular $335.00 Special Only $275.00 

FE/RE 72 J A3 — 42 to 50 MHz, 100 Watts Out-
put. Single frequency transmit and receiver. 
With acces. Reg. $250. Special only $225.00 

RE/FE 53 JA6 — 152 to 162 MHz, 35 Watts 
Output, single frequency transmit and re-
ceive. With accessories. Regularly $175.00 

Special Only $155.00 
QUANTITIES LIMITED SPECIFY SECOND CHOICE 

DuPAGE FM INC. 
P. O. Box 1, Lombard, IL 60148 • (312) 627-3540 

TERMS OF SALE: All items to ld as l i If not as represented return for 
relund or exchange (our option) within five day* of receipt, shipping 
charges prepaid. Ill inois residents must add 5 % sales tax. Personal 
checks must clear before shipment. Al l Items sent freight co l lec t Acces-
sories do not Include crystals, relays. re*ds or antennas. 

mC-S microminiature lone encoder 
Comp.ihUie *»ilh jlr lub-.iutfib.'t? lo'io *uch as P»i» jie l"»e. Channel Guard Outel Channel, e!c 

• Powered by 6-1&vdc, unregulated 
• Microimnlatufo In l» hi mwde itll mobile unit* 

and most portable- umli 
t » F«ld replaceable, piuq'in Ircnuoncf rinterntimng ©lament* 

• Excellent frattwwicjr .tceu».icy .inu !en»i>eralure sl.nbtlil) 
• Ou»pill|f?«l Adjwitn"- ,! polonl.om«l«» 
• lo»ai»t9tticnftfei<»-t'« output 
• AYAl!.>btotn ftHClA fono hoqueneios C7 0 HX-J03 5 Hx 
• Compjfrlf uwm-niif lo RF 

* * polarity proteclton built-in 

$28.85 oaeh 
K'l Ŵ twvI 

r f f d e M i i . i 
P.O.BOX IU UU. CAltFOMNtA HUI 
rrtcimsen 

K-t r i t lO HIPLACCAMC. 
PUIO-IMnKOUtNCV 
OEttBMIMWS OXMOTS 

SMOMCII 

straight forward and include sections on 
theory, construction, operation, and 
trouble-shooting. Also available from 
V H F Engineering are a companion solid-
state 450 MHz receiver and a solid-state 
450 MHz repeater. 

T h e V H F Engineering 450-MHz 
transmitter kit sells for $39.95, and the 
10-watt amplifier sells for $39.95. V H F 
Engineering kits are available from 
dealers or direct from the manufacturer 
at 320 Water Street, Binghamton, New 
York 13902. For more information, use 
check-off on page 94. 

fm scanner 

Topeka FM Communications has just 
released a ten-channel scanner designed 
for use with Regency's HR-2 series 
radios. This unit will also work on Re-
gency marine radios MT-15, MT-25 and 
Aquaphone, and is designed to rapidly 
scan ten channels and lock on any fre-
quency which has a strong enough signal 
to open the receiver's squelch circuit. A 
scan-lock feature prevents continued 
scan due to a momentary signal loss. 

T h e scanner features a priority 
channel which is selected by the channel 
selector switch. While receiving on any 
f r e q u e n c y , the scanner periodically 
checks the priority channel and returns 
to it if a signal is present. This feature is 
ideal for the receivers that must monitor 
emergency frequencies. Delayed scan 
after transmit allows time for an answer 
before the scan is resumed. A simple 
modification allows selective channel 
bypass. The scanner is priced at $52.50. 
Order from Topeka FM Communica-
tions, Inc., 125 Jackson, Topeka, Kan-
sas, 66603. 
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a second 
J 

look Jim 
risk 

Recently there has been rising concern 
over the possible harmful effects to liv-
ing tissue due to heating by electro-
magnetic radiation in the frequency 
range from 10 MHz to 100 GHz. Al-
though microwave engineers have been 
aware of the potential hazards of work-
ing around high-power microwave trans-
mitters for 25 years or more, few people 
expressed much concern about the pos-
sible radiation hazards of lower-
frequency equipment. However, from 
150 to 1200 MHz the internal body 
organs are susceptible to damage from rf 
heating, and the eye is especially prone to 
damage from radiation above 1000 MHz. 

The scientific community is not at all 
satisfied that there has been sufficient 
research for formulating rf exposure 
standards, but based on present knowl-
edge, various governmental and indus-
trial organizations involved in establish-
ing radiation safety standards have rec-
ommended exposure limits referred to 
as Radiation Protection Guide Numbers 
{RPGN). At the present time the gener-
ally accepted RPGN value is 10 milli-
watts per square centimeter, and the 
Occupational Safety and Health Admin-

20 tW 

40 50 60 70 
DISTANCE (FEET) 

fig. 1. M in imum distances from radiators at 
which Radiation Protection Guide Numbers 
are not exceeded vs effective isotropic radi-
ated power (E IRP ) . 

istration (OSHA) has promulgated a 
standard which limits exposure to power 
densities greater than 10 mW/cm2 of 
body area. 

Authorities generally agree that rf 
power levels one-tenth the OSHA stand-
ard (1 mW/cm2) do not have any notice-
able effect. Using this as a basis, what 
are typical safe distances from a high-
frequency amateur antenna? 

Since the safe distance from an an-
tenna depends on its radiated power in a 
given direction, the most direct ap-
proach to finding the distance is to use a 
graph such as that shown in fig. 1. These 
curves are based on an isotropic radiator 
so antenna gain (power ratio, not dBi) 
must be factored in for the practical 
case. A half-wave dipole, for example, 
has a power gain of 1.64 over an iso-
trope (2.14 dBi>. Assuming 1000 watts 
into the antenna, what is the minimum 
safe distance? The effective isotropic 
radiated power (EIRP) is 1.64-1000 or 
1640 watts and the distance for a power 
density of 1 mW/cm2 is about 24 feet. 

Since most dipoles are installed at 
least 25 feet above ground, they obvi-
ously pose little threat at amateur 
power levels, but what about multi-
element beams and stacked arrays? 
Assuming the array is at the top of a 
54-foot tower, and not facing into a 
building, an EIRP of about 29 kW 
would be required to produce 1 
mW/cm2 in the center of the main lobe 
100 feet away. With 1000 watts into the 
antenna, this corresponds to a power 
gain of 29 or 14.6 dBi. 

Few amateur antennas exhibit this 
much gain, but EME operators who use 
large arrays or big parabolic reflectors 
should use caution. A 30-foot dish with 
only 10 watts input at 432 MHz, for 
example, is hazardous at distances of 
less than 18 feet! 

Jim Fisk, W1DTY 
editor-in-chief 



presst<f>p 
AN IMPORTANT STORY is still Prose Walker's decision to step down as chief of 

the Amateur and Citizens Division on July 31st. Deputy Division Chief Dick 
Everett is presently serving as Acting Division Chief. 

In The Long Term the question of who'll be filling Prose's shoes is a tough 
one. Ideally the job requires an engineer-ham with strong managerial experi-
ence — plus appropriate Civil Service status. Though the new chief is likely to 
come from within the Commission it isn't an absolute must. However, candidates 
without Civil Service Ratings must establish their qualifications with Civil 
Service before they can be considered for the post. 

CB RESTRUCTURING - DOCKET 20120 - has been partially decided in a recently 
released Report and Order. Most important change is a sharp relaxation of pro-
hibited communications effectively permitting the hobby use of CB that has al-
ready characterized the service legal or not. 

Also Relaxed are identification procedures, with an operator required to give 
only his callsign instead of both; the "quiet" period between five-minute series 
of transmissions has been reduced from five minutes to one minute; Inter-licensee 
communications are now permitted on all 23 channels. Channel 9 continues to be 
classified as the emergency calling channel, and channel 11 has been designated 
a general calling channel. 

Notable Emissions from this initial Report and Order on the Docket are the 
expansion to additional channels above the present band and the proposed conver-
sion to all SSB. Though action on these can be expected eventually, it will prob-
ably rest to some degree on what happens with Class-E CB. 

MANDATORY REVIEW OF LOGGING TAPES for repeaters operating under "automatic 
control" will not be required as a result of recent FCC decision. Logging tapes 
must still be made and kept for 30 days, and if any operating problems are re-
ported to the control operator or licensee during that period the tapes must be 
reviewed and corrective action taken within 72 hours or the system must shut down. 

This Easing Of Requirements for repeater operators takes most of the sting out 
of the Commission's Report and Order — mandatory review had been the principle 
objection raised by the repeater fraternity. 

AMSAT MEMBERS not planning to attend AMSAT's annual meeting at the ARRL Con-
vention in September are reminded that their ballots for the Director's election 
are needed to insure a quorum. The annual meeting is scheduled Sunday, September 
14, at Reston, Virginia. 

New Two-Color Bumper Sticker Decals are now available from AMSAT. They are 
being sent free to new members and renewing old members, or sold three for $1 
plus SASE from AMSAT, Box 27, Washington, DC 20044. 

TV TUNER WITH MEMORY has some interesting design features for Amateur radio 
applications. Announced in July by General Instrument, the tuner uses a non-
volatile memory chip that contains 100 lines of 14 bits each. Each line can be 
programmed for one TV channel, and when needed the memory information is fed to 
a 14-bit CMOS D/A converter to produce an analog voltage which is applied to a 
varactor diode and tunes in the station. 

HAM GEAR SHORTAGES have been plaguing dealers for some time and are likely to 
get worse before they get better. The major cause of the problem is the CB explo-
sion, since many manufacturers — particularly those in the Far East — supply 
both the Amateur and CB markets and it pays them to put their major effort in 
the market with the most money. 

TYPE ACCEPTANCE OF AMATEUR GEAR is still a hot issue around the FCC. Don't be 
surprised to see a Notice of Proposed Rule Making come out of the Commission soon. 

Continued Abuses By CBers using Amateur transceivers and manufacturers build-
ing "broadband" linears for the "Amateur Radio market" that just happen to de-
liver full output with only 4 watts drive (on ten meters, of course) have pretty 
well forced the FCC to act. 
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inductively-tuned 
six-meter kilowatt 

Construction details 

for a high performance 

grounded-grid 

six-meter linear 

using 3-500Zs 

A t one time or another most serious six-
meter operators have appreciated the 
value of having a high-power amplifier 
for extending their communications 
range — scatter, extended ground wave 
and aurora contacts are enhanced con-
siderably by the proper use of an ampli-
fier. I decided to build a two-kilowatt 
PEP linear amplifier around a pair of 
grounded-grid Eimac 3-500Zs because I 
have a Swan 250C which easily provides 
the 100 watt PEP input drive require-
ment. In addition, I have two other rf 
power amplifiers using 3-500Zs which 
have given me trouble-free service for 
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the past several years. A spare pair of 
tubes that were sitting on the shelf 
helped convince me to go in this 
direction. 

After acquiring operating manuals 
from different manufacturers and going 
through the various amateur magazines, 
scanning articles and circuits which used 
3-500Zs, I built the six-meter kilowatt 
described here. 

The 3-500Z tubes are air-cooled 
power triodes designed for zero bias 
operation and are rated to 110 MHz. 
They are cathode driven with the grids 
at rf and dc ground. The tuned-cathode 
input circuit (fig. 1) provides good lin-
earity and minimizes the drive require-
ments. The filaments are isolated from 
rf ground with the high-current bifilar rf 
choke, RFCt. The tuned plate circuit in 
this amplifier, however, is a bit unusual 
- the normal pi-network tuning capaci-
tor has been replaced by an inductively-
tuned or shorted-turn plate tank coil. 
Most circuit losses at 28 MHz and up are 
due to residual circuit capacitance and 
much of this undesired effect is due to 
the pi-network input tuning capacitor 
commonly used at lower frequencies.1 
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In this circuit the pi-network input 
capacitance, C5, consists of stray circuit 
and tube capacitance. 

The control relay, K1, which 
switches the amplifier into the circuit 
and shorts out the 10k, 10 watt resistor, 
allowing normal plate and grid current 
to flow, is operated from a low current 
dc supply derived from a winding on the 
filament transformer. External inter-
locks (not shown here) make it impos-
sible to apply plate voltage without first 
turning on the filaments and blower. 

The two meters on the front panel of 
the amplifier shown in the photographs 
are used to read the grid and plate cir-
cuits. Since the meters I used had 
100-milliampere movements, I used re-
sistance shunts to provide a multiplier 
of five for the grid current meter (500 
mA) and ten for the plate current meter 
(1 ampere). 

construction 
The pi-network inductor is wound 

from 14-inch (6.5mm) diameter copper 
tubing and the shorted turn is made 
from a section of IVi-inch (38mm) cop-
per water pipe. This slug is moved in 

Plate compartment of the six-meter kilowatt 
showing construction of the pi-network in-
ductor, parasitic chokes and RFC2. The neu-
tralizing capacitor is located between the two 
tubes. The pi-network loading capacitor is 
positioned underneath the tunable inductor. 

and out of the inductor to tune the 
plate tank circuit to resonance. Con-
struction details for this assembly are 
shown in fig. 2* Although I used a sim-
ple spinner knob on the inductor tuning 
screw, a turns-counting dial could be 
used to provide a logging reference for 
various operating frequencies. 

The grid pins on the 3-500Z sockets 
are directly grounded to the chassis with 
%-inch (6.5mm) wide copper strap. One 
end of the strap is soldered to the sock-
et pins and the other end is attached to 
the chassis with 6-32 (M-3.5) screws and 
nuts. Make sure that both contact sur-
faces are clean for low-resistance, 
trouble-free grounding. The homebrew 
filament choke consists of 12Va bifilar 
turns number-12 (2.1mm) Formvar on a 
%-inch "(13mm) diameter ferrite rod 
(suitable filament choke kits are avail-
able from Amidon Associates1). 

The shunt-feed rf choke, RFC2, is 
connected directly across the plate tank 
circuit, so it must provide good isolation 
over the entire six-meter band. Hand 
winding, as described here, is highly 
recommended as no commercially avail-
able rf choke is apt to provide as good 
performance. The winding is most easily 
accomplished by feeding two number-
20 (0.8mm) wires through one hole in 
the coil form and winding a bifilar coil 
of 30 turns, ending at the other hole in 
the form. Remove one of the bifilar 
windings and you will have a tight, even-
ly spacewound winding that makes an 
excellent six-meter choke. The cold end of 
the rf choke is bypassed to ground with 
a 500 pF TV-type doorknob capacitor. 

The 500-pF dc blocking capacitors, 
C3 and C4, are mounted between two 

•Major components for the shorted-turn in-
ductor are available from Edward A. Stoltzfus, 
Engineering Machinist, Beacon Light Road, 
Parkesburg, Pennsylvania 19365. 

* Amidon Associates, 12033 Otsego Street, 
North Hollywood, California 91607. Filament 
choke kit is $2.50, postpaid. 
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OUTPUT 

0 0 
117 VAC 

C I 5 0 p F compress ion mica t r i m m e r ( A R -
CO 462 ) . A d j u s t L I fo r resonance w i t h 
C I compressed 9 0 percent 

C3 ,C4 5 0 0 p F , 5 k V d o o r k n o b capacitor 
(Centra lab 858S) 

C5 residual c i r cu i t and t u b e o u t p u t capac-
i tance 

C6 2 5 0 pF air var iable (E, F. Johnson 
154-1) 

C7 5 0 0 p F , i o k V d o o r k n o b capac i to r ( T V 
t ype ) 

C N Neu t ra l i z i ng capac i to r , copper strap Vz" 
( 1 3 m m ) w i d e by 3V2" ( 8 9 m m ) long 

C R 1 S i l i con d i o d e , 6 0 0 P I v , 1 A 

K 1 110 V d c re lay, 3 po le , d o u b l e t h r o w 
( P o t t e r & B r u m f i e l d K A 1 4 D G o r 
Hea th 69 -55 

L I 3 tu rns no . 14 ( 1 . 6 m m ) , a i r w o u n d , V2" 
( 1 3 m m ) d i ame te r , 5 / 6 " ( 1 6 m r n ) long 

L 2 2 tu rns no, 18 ( 1 . 0 m m ) insu lated w i re , 
'/J" ( 1 3 m m ) d iame te r , placed be tween 
tu rns of L I (no te p o l a r i t y ) 

fig. I . Six-meter k i lowatt 
uses inductively tuned pi 
network for high efficien-
cy. In this circuit the pi 
network input capacitor, 
CS, consists of tube output 
capacitance and stray cir-
cuit capacitance. C a p a c i -
tors marked wi th an M are 
mica types. Construction 
of the tuned inductor, L 3 , 
is shown in fig. 2. 

L 3 3VJ t u rns l h " ( 6 . 5 m m ) copper t ub ing , 
3 " ( 7 6 m m ) long, 2 - 1 / B " ( 5 4 m m ) Inside 
d iamete r . T u n i n g slug detai ls are shown 
in f ig. 2. 

PC 1,2 Parasit ic suppressors, Each consists o f 
th ree 50 o h m , 2 w a t t resistors shunted 
across V2" ( 1 3 m m ) w i d e coppe r -p la te 
strap, ins ta l l as close t o the plate cap as 
passible (see p h o t o ) 

RFC 1 12V2 tu rns no. 12 ( 2 . 1 m m ) F o r m v a r , 
b i f i la r w o u n d on 1/2" ( 1 3 m m ) d iamete r , 
3>/z" ( 8 9 m m ) long fe r r i t e r o d ( A m i d o n 
Associates f i l amen t c h o k e k i t ) 

RFC2 30 tu rns no . 20 ( 0 . 8 m m ) enamel led 
w i re , space w o u n d on 3 / 4 " ( 1 9 m m ) 
r o u n d , 3 - 3 / 4 " ( 9 5 m m ) long ceramic or 
T e f l o n rod . Dr i l l holes f o r w i r e ends 
V2" ( 1 3 m m ) and 2 - 3 / 4 " ( 7 0 m m ) f r o m 
t o p or r o d 

T 1 dua l secondary t r ans fo rme r . 5 Vac at 
30 amps ( f i l amen ts ) , 1 2 0 Vac (retay 
K 1 dc supp ly ) 

brass plates, one of which is attached to 
the top of RFC2. The other plate is con-
nected to the pi-network inductor L3 
(see photo of the rf compartment). 

The amplifier is built on a homemade 

chassis made from 3/32-inch (2.5mm) 
thick aluminum sheet and is 1-3/4 inch 
(4.5cm) high, 12 inches (30.5cm) wide 
and 13 inches (33cm) deep. The front 
and rear panels are 1/8-inch (3mm) 
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thick aluminum, 8 inches (20.5cm) high 

by 13 inches (33cm) wide. The inner 

right- and left-hand panels are 1/16-inch 

(1.5mm) thick aluminum, IVz inches 

(19cm) high by 13 inches (33cm) long. 

These two panels can be made from per-

forated stock or solid sheets can be drilled 

to provide for ample air intake and ex-

haust to cool the plate and filament seals. 

The rf compartment is 10 inches 

(24.5cm) wide, 8-3/4 inches (22cm) 

deep and 6 inches (15cm) high. The top 

cover for this compartment is made 

from perforated aluminum sheet and 

should be installed at all times to pro-

tect the operator from the lethal volt-

ages which are used to operate this 

equipment. 

The bot tom cover is 1/16-inch 

(1.5mm) thick aluminum, 13 inches 

(22.2 cm) 

SEE DETAIL 

zzzzzzzzzzzzzz 

RF COMPARTMENT 

TOP OF CHASSIS 

-F DRILL (0.257" 
OR 6.5 mm) 2 HOLES 

9/16" , 
<14. S mm) 1 

Insu lat ing d isc , 1 - 3 / 4 " < 4 4 . 5 m m ) d iam-
eter, 3 / 8 " ( 9 . 5 m m ) long (2 required) . 

T u n i n g slug. 1 - 5 / 8 " ( 4 1 . 5 m m ) O D , 
1 / 1 6 " ( 1 . 5 m m ) wal l copper water p ipe, 
3 " ( 7 6 m m ) long. 

T u n i n g m e c h a n i s m , m a k e f r o m brass 
rod, V2" ( 1 3 m m ) O D , 3 - 5 / 8 " ( 9 2 m m ) 
long. D r i l l and tap for V4-20 (M7) 
thread for f u l l length. T h r e a d outs ide 
diameter V2-13 ( M 1 2 ) 1 " ( 2 5 m m ) o n 
b o t h ends. 

Brass nuts , V2-13 ( M 1 2 ) , split into t w o 
pieces about 3 / 1 6 " ( 5 m m ) long. 

8. 

9. 

10. 

-1/8" (3 mm) 

-3/8" (9.5 mm) 

L e a d screw. l k " ( 6 . 5 m m ) diameter 
brass rod, 9 - 7 / 8 " ( 2 5 c m ) long, thread-
ed V4-20 (M7) for 8 " ( 2 1 c m ) . 
G u i d e rods. Plast ic or f iberglass rods, 
W ( 6 . 5 m m ) d iameter , 9»/4" ( 2 3 . 5 m m ) 
long (2 required) . Dr i l l and tap one end 
1/2" ( 1 3 m m ) deep for 6 - 3 2 (M3.5) 
m a c h i n e screw. 

Panel bushings for V4" ( 6 . 5 m m ) shaft 
(6 required) . 

Panel bushing nuts (6 required) . 

S h a f t stops, for w ( 6 . 5 m m ) shafts (4 
required) . 

M a c h i n e screws, 6 - 3 2 x W long 
( M 3 . 5 X 6 . 5 ) (2 required) . 

fig. 2. Construct ion of the tuned pi-network inductor, L3 . This arrangement requires a min imum of 

machine work and uses readily available materials. 
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(33cm) wide by 14 inches (35.5cm) 
deep with yz-inch (13mm) lips formed 
on two sides to provide a mating surface 
for the top cover. The U-shaped top 
cover is also made from perforated alu-

with simple hand tools. The vox con-
nector and power plugs are all brought 
out on the rear panel along with the in-
put and output coaxial connectors. 

Cooling air must be provided to 

f ig. 3. A ir -system lay-
o u t . T h e cool ing air 
passes across the tube 
envelopes and the warm 
a i r exhausts out the 
side of the amplif ier en-
c l o s u r e . F a n should 
provide 13 C F M at 0.2 
inch ( S m m ) back pres-
sure. A u t h o r used a 6 " 
( 1 5 c m ) diameter, six-
b l a d e d f a n { H e a t h 
2 6 6 - 2 5 9 ) and Heath 
4 2 0 - 8 3 fan motor. Suit-
able substitute Is a no. 
3 Impeller at 3 1 0 0 rpm 
( R i p l e y 8 4 7 2 , D a y t o n 
1 C 1 8 0 o r R e d m o n d 

A K - 2 H - 0 1 A x ) . 

minum. The trim around the raw edges 
on the top and bottom covers is car 
door protective edging that is available 
from most department and automotive 
stores; it is very easy to work and cut 

maintain the plate seals of the 3-500Zs 
below 225°C and the filament seals be-
low 200°C. Many 3-500Z power ampli-
fiers are designed around a system of 
air-system sockets and chimneys, along 
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with a centrifugal blower. The noise 
generated by the blower motor and air 
movement through the cooling system, 
however, is very distracting. Extensive 
tests by Eimac have shown that for CW 

Eimac HR6). The Johnson 122-275-1 
ceramic tube sockets are mounted off 
the chassis about 1/8 inch (3mm) to al-
low air flow around the base of the 
tubes to cool the filament pins. 

table 1. Typical operating data for the 3-500Z 
amplifier service, class B (two tubes). 

Dc plate voltage 1500 

Zero signal plate current (mA) 130 
Single tone dc plate current (mA) 800 
Single tone dc grid current (mA) 260 
Two-tone dc plate current (mA) 520 
Two-tone dc grid current (mA) 160 
PEP useful output power (watts) 660 
Intermodulation distortion products (dB) - 4 6 

in rf linear 

2000 2S00 

190 260 
800 800 
260 240 
540 560 
160 140 

1000 1200 

- 3 8 - 3 3 

and ssb operation at legal amateur 
power limits the 3-500Zs may be ade-
quately cooled by a lateral air blast 
blown against the tubes by a small, 
properly positioned rotary fan.2 

The arrangement of the cooling fan 
in the six-meter kilowatt is shown in fig. 
3. The fan is mounted in the rf compart-
ment wall, between the tubes, in line 
with the center of the glass envelopes, 
and blows cooling air across the enve-
lope and plate caps (use a good heat-
dissipating plate connector such as the 

Under-chassis view of ths six-meter kilo-
watt showing placement of major com-
ponents. The tuned cathode circuit is 
located at right center. 

With this arrangement maximum 
plate dissipation of about 450 watts per 
tube is achieved for the 3-500Z. While 
this is about 10 percent short of the 
maximum rating, dissipation is suffi-
ciently high that the pair of tubes will 
easily handle the maximum amateur 
power limit for CW or ssb operation 
under normal operating conditions. For 
continuous operation ( R T T Y or sstv, 
for example) the power input must be 
reduced to about 750 watts. 

neutralizing 

The neutralizing capacitor, CN, is 
formed from a 0.032-inch (0.8mm) 
thick copper strip, 1/2-inch (13mm) 
wide and 3ya-inches (89mm) long into 
an L-shape with the foot of the L about 
3/8-inch (10mm) long. The foot is 
drilled for mounting to the threaded 
stud of a small ceramic feedthrough 
bushing. The feedthrough bushing is 
central ly located between the two 
3-500Zs and in line with the socket 
mounting holes toward the rf choke( see 
photograph). This capacitor is adjusted 
to lean in toward the center line of 
the tubes. 

Inductor L2 is inserted between the 
turns of LI, the input circuit coil, and 
adjusted until the amplifier is neutral-
ized (stabilization occurs when maxi-
mum grid current, maximum output 
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and minimum plate current all are 
reached at one setting of the plate tank 
circuit). With the amplifier turned on 
but with no drive signal, grid current 
should be zero. I used an insulated rod 
to adjust L2 through a small hole in the 
bottom compartment. The neutralizing 
capacitor should be adjusted with the 
power turned off. 

r - i 
1 JmSSSm 14SH 
Two views of the power amplifier which show 
the various pieces of metalwork which were 
used in its construction. 

turie up 
Before applying any voltages to the 

amplifier, carefully check all the wiring. 
Then install the two tubes and use a 
grid-dip oscillator to approximately set 
the tuned cathode circuit and pi net-
work output circuit to the desired oper-
ating frequency. I used 50-ohm resistors 
across the input and output coaxial fit-
tings during the grid-dipping operation 
and made sure that all relay contacts 
were closed. 

After the amplifier has been cold 
tuned with the grid-dip meter, remove 
the 50-ohm resistors and connect the 
six-meter exciter to the input and a 
dummy load (or antenna) to the output. 
A monitor scope or relative power 
meter (an swr bridge works well) will 
provide a good output indication during 
initial testing of the amplifier. 

First tune up the exciter for full nor-
mal CW output with the amplifier 
switched out of the line. Reduce exciter 
output, apply power to the amplifier 
and tune the amplifier for maximum 
output with reduced B+. Gradually in-

crease the excitation and high voltage to 
get the feel of a very smoothly tuning 
six-meter power amplifier. 

For CW operation with a 2500-volt 
power supply tune the plate circuit and 
adjust the exciter drive for a plate cur-
rent reading of about 400 mA (about 
125 mA grid current). I am using a 
power supply with a tapped primary 
which I can switch from 2300 volts for 
CW and tuning, and then to 2800 volts 
for ssb operation. 

I usually tune for maximum output 
with the lower voltage and then switch 
to the higher voltage for ssb. Apply ssb 
drive from the exciter and advance the 
microphone gain control for an average 
plate current reading of 350 mA. An 
occasional voice peak may boost this up 
to 600 mA. A monitor scope will show 
you more than any plate meter can be 
expected to, and should be used at all 
times when you are running high power. 
The manufacturer's operating data for 
the 3-500Z is published in most hand-
books and should be consulted as a 
guide for proper use of these tubes in 
amateur service. 

references 
1. William Orr, W6SAI, "Inductively-Tuned 
High-Frequency Tank Circuit," ham radio, 
July, 1970, page 6. 
2. William Orr, W6SAI, Radio Handbook, 
19th edition, Editors and Engineers, Indian-
apolis, 1972, page 22-35. 
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14 E 3 September 1975 



tunable 

RC notch filter 

Discussion of an 

RC notch filter 

which can be tuned 

with a single 

variable resistor 

Of the host of RC notch filters that 
have been devised, the twin-T (also 
called parallel-T) has enjoyed the great-
est popularity by far. This is surprising 
because, in order to make this circuit 
adjustable or tunable, three compo-
nents, either resistors or capacitors, 
must be varied simultaneously. To make 
matters worse, these three components 
don't all have the same value as shown 
in the basic circuit of fig. 1. One of the 
resistors is one-half the value of the 
other two, and one capacitor is twice 
the value of the others. Therefore, an 
adjustable twin-T notch filter requires a 
three-gang potentiometer, and the track-
ing and alignment problems can be 
troublesome if not expensive. 
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There is another circuit, however, 
which has performance comparable to 
the twin-T, but which can be tuned over 
a wide frequency range by means of a 
single potentiometer. Although this cir-
cuit has been around for about 20 years, 
it has seldom appeared in the electronics 
literature and is not widely used. 

To my knowledge, this tunable notch 
filter first appeared in print in 1955 
when it was mentioned by Henry P. Hall 
of the General Radio Company in the 
September issue of IRE Transactions on 
Circuit Theory. He discussed it further 
in the July, 1961, issue of the GeneraI 
Radio Experimenter. That same year, 
General Radio brought out its Type 
1232-A Tuned Amplifier and Null De-
tector; this instrument used Hall's tun-
able notch filter as a feedback element 
around an amplifier to produce a con-
tinuously tunable, narrow-band audic 
amplifier. General Radio still markets 
this instrument for about $700. 

INPUT O— O OUT PL 

zrrnc 
R. OHMS 
C. FARADS 

fig. 1. The twin-T notch filter is difficult tc 
tune because three components must be vari 
ed simultaneously. 
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In the October, 1969, issue of EEE 
Magazine, Ralph Glasgal, in his article, 
"Tunable RC Null Networks," referred 
to the circuit as a "bridged differenti-
ator." These articles are the only ones 
on this circuit of which I am aware. The 
following sections describe my own in-
vestigations. 

INPUT o-
elRI+RZ) 

—wv— 

-le-

-O OUTPUT 

• fnull^r) ' ~ : — , I """ ' 27TCV3 Rt R2 
f>. OHMS 
C. FARADS 

fig. 2. Basic circuit for a tunable R C 
notch filter which requires only one var-
iable resistor. 

the circuit 

Fig. 2 shows the basic configuration 
of Hall's tunable notch filter. The tun-
ing pot is composed of R1 and R2, R1 
being the resistance between one end of 
the pot and the wiper, and R2 the resis-
tance between the other end of the pot 
and the wiper. The other resistor in the 
circuit must have a value equal to six 
times that of the pot. All three capaci-
tors have the same value, which simpli-

fies things if you want to match them 
for best performance. 

The null frequency equation in fig. 2 
may be solved for different values of R1 
and R2, and the results plotted to show 
how the notch frequency changes as the 
wiper is moved from one end of the pot 
to the other. Fig. 3 shows the result if 
the pot is assumed to be linear. When 
the wiper of the pot is at its mid-
position (50 per cent of rotation) the 
notch frequency has its lowest value, 
and very little change in null frequency 
occurs in the middle section of the pot. 
As the wiper approaches either end of 
the pot, however, the null frequency 
begins to increase quite rapidly and 
would theoretically become infinite at 
the ends of the pot. 

From the curve of fig. 3 it can be 
seen that, in a practical tuned notch 
filter, the tuning pot need only cover a 
relatively small percentage of the range 
shown. In other words, if the actual pot 
were used with fixed series resistors so 
that the pot covered only the range 
from 1 to 10 per cent, the relative fre-
quency range would be from 10 to 3.3, 
or a 3 to 1 frequency range. Fig. 4 
shows a schematic of how this would be 
implemented. Once the value of the pot 
has been selected, the values of the 

f i g . 3. R e l a t i v e 
notch frequency of 
the circuit shown in 
fig. 2 vs the rota-
t ional position of 
the potentiometer 
wiper. 
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INPUT O-
6 6 . ? R 

- V W -

Hf-

IQR 
-VW-

-0 OUTPUT 

27700 

• 3 

1-0 CR 

I 27700 \ 

1 C* I 
C, 
R, OHM 5 

fig. 4. Relationship of resistance values for a 
3:1 notch-filter tuning range. 

three resistors may be calculated from 
the relationships shown. 

It can be shown that the lowest 
notch frequency is given by 

fr 
27700 

CR (1) 

where f n is in Hertz, C is in microfarads, 
and R is the resistance of the pot in 
ohms. The highest frequency to which 
the notch may be set is equal to three 
times the value given by eq. 1, 

practical examples 
As a starting point, I had on hand a 

20k pot and some 5 per cent, 2000 pF 
dipped-mica capacitors. These compo-
nents would give a lowest notch fre-
quency of 

* = 27700 
t n (0.002) (20 x 103] 

693 Hz 

shown in fig. 5. It was necessary to con-
nect resistors in series to arrive at some 
of the values shown, and the pot had a 
tolerance of at least ±10 per cent. Fig. 6 
shows the response of this filter with 
the tuning pot set at each end of its 
rotational range. Depth of the notch 
varies, but is greater than 50 dB in all 
cases; at 1160 Hz, the notch depth is 54 
dB. Actual notch frequencies at the 
ends of the pot match the calculated 
values reasonably well, and the tuning 
range is slightly over 3 to 1. 

CD 

Ul 10 z o CL cn W o: 

-50 

30 50 !QQ ZOO 3OO 5 OO Ik Zk 3k 

FREQUENCY (HERTZ) 

fig. 6. Frequency response of the notch 
filter of fig. 5 with the potentiometer set 
at each end. 

The highest notch frequency should be 
three times this value or about 2079 Hz. 

Using the resistor relationships of fig. 
4, the circuit design was completed as 

INPUT O-
I.33M 

- W V -

2000 

20k 

T 
200k -wv-

-O OUTpur 

y2000 

fig. 5. Notch filter which tunes from 693 to 
2079 Hz. Performance of this circuit is plot-
ted in fig. 6. 

The response curves of fig. 6 point 
out the value of tuning capability in 
notch filters. Because the notch is so 
sharp and narrow at the point of maxi-
mum attenuation, it is difficult to get 
the peak right on a particular frequency 
with a filter built with fixed-value com-
ponents. With a tunable notch, however, 
it's a simple matter to set the notch 
right where you want it. 

An example of a tunable notch filter 
for 60 Hz is shown in fig. 7. Such a 
filter can often be useful in high gain 
audio and sub-audio circuits to mini-
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INPUT O -
333k 

500 -AiW- 5» 

T 
5 Ok 

-VW-

-O OUTPUT 

fig. 7. Tunable notch filter for 60 Hz can be 
used to minimize hum pickup from the ac line 
(circuit tunes from 40 to 120 Hz). 

mize the effects of stray pickup from 
the ac power line. This circuit tunes 
from about 40 to 120 Hz. 

In the examples above, the tuning 
ranges can be easily changed by multi-
plying or dividing the capacitor values 
by a factor. For example, doubling the 
capacitor values of fig. 5 would result in 
a tuning range of about 335 Hz to 1028 
Hz, while cutting the capacitor values in 
half would give a tuning range of about 
1340 to 4110 Hz. 

optimizing notch depth 
Greatest notch depth will result 

when the ratios of component values 
approach the exact theoretical design 
values. In this regard, there are two re-
quirements: the capacitors should all be 
exactly equal in value, and the large-
value resistor connected from input to 
output should be exactly six times the 
resistance in the variable-resistance 
branch of the network. 

Capacitors may be matched by meas-
uring them on a capacitance bridge or a 

6R 

INPUT O- -vw 

ne-

- O OUTPUT 

fig. 8. Notch depth may be optimized by us-
ing a trimpot to set the series resistance to 
exactly 6R. Notch depth of the 60 H2 filter in 
fig. 7 was increased from 44.S to 57 dB using 
this simple technique. 

direct-reading capacitance meter and se-
lecting those most nearly equal in value. 
An easy way to optimize the resistance 
ratio is to replace the resistor connected 
between the input and output with a 
trimpot and fixed resistor, or simply a 
trimpot, as shown in fig. 8; the trimpot 
can then be set for the deepest notch. 
Since changing this resistance also 
affects the notch frequency, it will be 
necessary to repeatedly adjust first the 
trimpot and then the tuning pot until 
the notch can no longer be improved. 

1M INPUTO—WV-

-12V 

I.33M 
-VW-

-O OUTPUT 

:zooo 

2k 20k 200k 

fig. 9. Tunable bandpass audio amplifier uses 
R C notch circuit as the feedback element. 
Tuning range of this circuit is 700 to 2000 
Hz. Frequency response at 1000 Hz is plotted 
in fig. 10. 

Once the trimpot has been set, however, 
it needs no further adjustment when the 
tuning pot is set to another frequency. 

As an example of what this optimiza-
tion can mean, the 60 Hz notch filter of 
fig. 7 was first built as shown with un-
measured ceramic disc capacitors and 5 
per cent resistors; at 60 Hz it had a 
notch depth of 44.5 dB. By selecting 
capacitors with equal values and replac-
ing the 333k resistor with a 500k trim-
pot, I was able, by careful adjustment, 
to increase the notch depth to 57 dB. 

tuned amplifier 
The tuned notch filter can be used as 
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the feedback element with an op amp to 
produce a continuously tunable narrow-
band audio amplifier. I used the circuit 
of fig. 5 in conjunction with a 741 op 
amp to build a tunable bandpass audio 
amplifier which will tune from about 
700 to 2000 Hz. This circuit is shown in 
fig. 9. With the tuning pot set for a cen-
ter frequency of 1000 Hz, the 3 dB band-

cause the bandwidth is quite narrow as 
it stands. 

Although I used plus and minus 
12-volt power supplies for the 741 op 
amp, two 9-volt batteries should work 
okay; battery drain should be about 1 
mA or less with a 2000 ohm load. 

I have found that trying to increase 
the tuning range of this amplifier by in-

03 
Uj CO 2 o CL to 
to Q: 

uj CK 

-701 ——L—1 —— J ——l-J /OO 200 30O 400 S00 1000 2k 3k 4Jt 5k 10)r 
FREQUENCY I Hi) 

fig. 10. Frequency response of the tunable bandpass audio amplifier when tuned to 1000 Hz. 
Bandwidth at - 3 dB points is 23 Hz; at - 3 0 dB the bandwidth is approximately 773 Hz. 

width is 23 Hz, the 6 d B bandwidth is 39 
Hz, and the 10 dB bandwidth is 68 Hz. 
At 1000 Hz, the voltage gain of the cir-
cuit measured 36 dB. 

Fig. 10 shows the frequency response 
of this circuit when tuned to 1000 Hz. 
High-frequency rolloff is quite good, 
being about 43 dB down at 2000 Hz, so 
this circuit can convert a 1000 Hz 
square wave into a very nice sine wave. 
Low-frequency response flattens out, 
however, to a value determined by the 
ratio of the 1.33 megohm resistor to the 
1 megohm input resistor. Some highpass 
f i l te r ing w o u l d improve the low-
frequency skirt considerably, however. 
No attempt was made to optimize this 
notch circuit as described previously be-

creasing the value of the tuning pot and 
decreasing the value of the 200k resistor 
results in self-oscillation when the pot is 
set near its low frequency extremity. 

This article contains everything I 
know at the present time about this tun-
able notch filter circuit and its applica-
tions. I hope I have presented enough 
information for those interested to 
make good use of this valuable but little 
known circuit. All data was taken using 
a 600-ohm audio generator and an ac 
vtvm with an input resistance of 10 
megohms. If readers have questions or 
can further enlighten me on these cir-
cuits, I would be pleased to hear from 
them. 

ham radio 
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optimization 
of the 

phase-locked 
RTTY terminal unit 

The original design concept of the 
phase-locked loop RTTY terminal unit 
included totally automatic and universal 
operation requiring a minimum of ad-
justment. The initial design would copy 
any afsk shift between 150 and 100 Hz, 
operate at data rates up to 110 baud, 
and automat ical ly track a dri f t ing 
signal.1 Another publication described a 
modified autostart system that incor-
porated an anti-CW feature.2 

Since the original article was pub-
lished there have been two distinct 
developments in amateur RTTY opera-
tion: 

1. Wide shift (850 Hz) has almost com-
p le te ly disappeared from the high-
frequency amateur bands with the ex-
ception of some operation on 80 meters 
(and, of course, wide shift is still the rule 
on two-meter fm). 

2. The continued use of 60 wpm for 95 
per cent of amateur RTTY operation, 
even with the availability of 75- and 
100-wpm speeds. 

This latter development is undoubt-
edly because of the vast amount of 
60-wpm teleprinter machines available 
and the fact that most RTTY operators 
can't type more than 60 wpm. 

With these two developments in 
mind, and in response to requests from 
readers, I've attempted to optimize the 
detector circuit to decrease the required 
minimum input-signal-to-noise ratio of 6 
dB (for 99 per cent correct copy). In 
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consideration of users having commer-
cially made printed-circuit boards,3 one 
constraint was placed on the modifica-
tions: no printed-circuit changes would 
be necessary - only parts substitutions, 
deletions, and parts value modifications 
would be used. 

modifications 
For the phase-locked loop detector 

(fig. 1) changes are shown circled. In the 
original loop, the lowpass filter capaci-
tor, C7, was selected to give a loop 
bandwidth of approximately 400 Hz. 
This value was selected in compliance 
with Shannon's rule for operation at the 
highest data rate of 110 baud: 110 baud 
-r 2 = 55 Hz signaling rate; 55 Hx X 7 = 
385 Hz, or the required minimum loop 
bandwidth. But for 45-baud (60 wpm, 5 
level), a 22.5-Hz signaling rate results, 
thus requiring a loop bandwidth of only 
157.5 Hz. A 180-Hz loop bandwidth 
was used because 0.22 jiiF was the near-
est standard value capacitor to the de-
sign value for C7. To complement the 
preceding change, the phase-locked loop 
output RC ladder filter cutoff fre-
quency was also lowered by increasing 
the value of C8, C9, C10 and C11 from 
0.01 to 0.022 mF. 

The ssb position of the mode switch, 
SI , is now used for 170-Hz shift, and 
the vco frequency-set pot, R5, is ad-
justed for a natural vco frequency of 
2210 Hz at TP-2 with no audio input 
applied to the TU. This new frequency 
setting allows the vco to swing symme-
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trically to either side of its natural 
frequency, thus reducing the probability 
of the loop unlocking on noise. 

The normal position of the mode 
switch, S1, is used for 850-Hz shift and 
its pot, R6, is adjusted for a natural vco 
frequency of 2550 Hz at TP-2, as in the 
original article. Other shifts, such as 425 
or 85 Hz, can be copied simply by 
adjusting the receiver frequency so that 
the shift is centered on the appropriate 
vco natural frequency. 

In the tracking comparator, an RC 
network consisting of R11 and C12 is 

C12 has been changed to a 0.33 juF 
mylar, and R11 has been changed to 1 
megohm to maintain the same time 
constant. To take advantage of the high-
er impedance presented by this RC net-
work, U2 has been changed from a 
N5741T to a NE536T, an fet input op 
amp. The minimum detectable shift was 
measured at 40 Hz with an input-signal-
to-noise ratio of 10 dB and a noise 
bandwidth of 3 kHz. 

The tracking comparator output low-
pass filter cutoff frequency has been 
decreased to 30 Hz to optimize the 

> - ) H 

m 
fig. 1. Circuit modifications to the phase-locked loop R T T Y terminal unit for improved perform-
ance. New circuit values are circled. All resistors are 5%, Vz watt unless otherwise specified. 

used to produce a signal-derived refer-
ence voltage for the noninverting input 
of U2. The RC time constant was se-
lected to be 2.5 times that of the long-
est space condition at 60 wpm, which is 
the blank key having a space duration of 
132 milliseconds. Accordingly R11 and 
C12 were selected to give a time con-
stant of 330 milliseconds. However, the 
leakage path through electrolytic capaci-
tor C12 limited the minimum detectable 
shift to approximately 150 Hz. Thus 

section for the 22.5-Hz signaling rate 
used with 60 wpm, 5-level RTTY. To 
accomplish this frequency change, ca-
pacitors C16 and C17 were increased 
from 0.033 to 0.068 juF. Also affected 
was resistor R14, which was deleted to 
produce a higher voltage to the input to 
the Schmitt trigger, U3, so that its 
operation on marginal signals would be 
improved. The noise rectifier in the 
noise squelch circuit was changed. The 
output filter capacitor, C15, was in-
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creased f rom 10 to 39 juF to provide a 
longer t ime constant, which reduced the 
effects of static crashes. 

experimental procedure 

The phase-locked loop2 TU was con-
nected to a test setup (fig. 2). A Wave-
tek model 134 funct ion generator was 
used to generate a 22.5-Hz square wave 
to simulate a 60-wpm, 5-level RTTY 
signal. This signal was fed through an 

10, 1610, and 1960 Hz was imposed by 
the use of a Krohn-Hite dual electronic 
variable f i l ter w i th both sections con-
nected in series for highpass operation. 
These instrumentation methods gave 
simulated receiver bandpasses of 3000, 
1200 and 500 Hz respectively. 

All tests were started at a 10 dB s/n 
ratio, which was then reduced unti l the 
output of the Schmitt trigger (fig. 3, 
Channel 4) exhibited excessive j i t ter or 

attenuator to the voltage-controlled gen-
erator input of a Wavetek model 132 
funct ion and noise generator. This latter 
instrument could simultaneously gener-
ate both a signal as well as random noise 
in a front-panel controlled, calibrated 
ratio. In these tests the signal used was 
an afsk sine wave shifted 170 Hz be-
tween 2125 and 2295 Hz, and a random 
noise sequence of 2 2 0 - 1 was used at a 
maximum noise clock frequency of 48 
kHz, thus ensuring that a random noise 
sequence could not repeat in a time 
period of less than 21.85 seconds. 

Noise clock frequencies of 48, 45 
and 39.3 kHz were used to produce 
upper noise bandwidths of 3, 2.81, and 
2.46 kHz so that the signal-plus-noise 
bandwidth was always centered on 2210 
Hz, which is the shift midpoint and the 
natural frequency of the phase-locked 
loop2 vco. A lower bandwidth l imit of 

failed to fo l low the afsk keying signal 
(fig. 3, Channel 1). This s/n ratio was 
considered to be the min imum usable 
input signal for a given simulated re-
ceiver bandpass. The test results were: 0 
dB minimum s/n for a simulated re-
ceiver bandpass of 3 and 1.2 kHz. For 
500 Hz, it w a s - 3 dB. 

conclusion 

Figs. 3A, 3B and 3C illustrate the 
input and output waveforms for the test 
setup and TU wi th input s/n ratios of 
zero and - 3 dB and simulated receiver 
bandpasses of 3, 1.2, and 0.5 kHz. 
These figures represent a 6-dB improve-
ment for the worst case and a 9-dB 
improvement for the best case over the 
original design. 

Comments, contr ibut ion of ideas, 
and criticism are welcome f rom users of 
phase-locked loop terminal units. 
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A . 3 - k H i noise bandwidth ; signal-to-noise rat io, O d B . 

\ i 
\ * 

B. 1.2-kHz noise bandwidth; signal-to-noise ratio, 0 dB. 

C. 500-Hz noise bandwi 

Center f requency , 2 2 0 0 Hz; d ispers ion, 200 
H z / c m ; sweep speed, 5 sec/cm; ver t ica l sensi-
t i v i t y , 2 0 0 m V / c m . 

fig. 3. Input and output waveforms f rom test 
setup show improvements of 6 and 9 dB over 
original design for worst- and best-case condi-
tions. 

; signal-to-noise ratio, - 3 dB. 

Channel 1: afsk key ing vol tage; hor i zon ta l , 
10 ms /cm; ver t ica l , 50 m V / c m . 
Channe l 2 : signal +• noise at 3 k H z band-
w i d t h ; ho r i zon ta l , 0.2 m s / c m ; ver t ica l , 100 
m V / c m . 
Channe l 3: P L L vco at TP-2 : ho r i zon ta l , 0.2 
ms /cm; ver t i ca l , 10 V / c m . 
Channe l 4 : Schmi t t tr igger o u t p u t : hor i -
zon ta l , 10 m s / c m ; vert ical , 10 V / c m . 
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ham radio 

toroidal coil inductance 
Toroidal inductors are being used 

more and more in amateur communica-
tions equipment because of their small 
size, high Q and self shielding proper-
ties. Michael Gordon's article* makes it 
relatively easy to determine the number 
of turns to wind a coil on a particular 
core. He includes numerous core con-
stants and a helpful equation necessary 
to achieve a specific inductance. Fig. 1 
contains much of that information in 
graphical form and was developed for 
builders who tend to shy away from 
using mathematical formulas. To deter-
mine the required number of turns on a 
particular toroid core, simply locate the 
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fig. 1. Inductance vs number of turns for four 
popular A m i d o n toroidal cores. Dotted line 
shows actual measured inductance values for a 
T 5 0 - 2 core; discrepancy f rom calculated 
values is small. 

desired inductance, L, on the vertical 
axis, draw a horizontal line through L to 
where it intersects the appropriate core 
line, and read off the number of turns, 
N, on the horizontal axis, beneath the 
intersection point. 

The graph of fig. 1 can be expanded 
to include more core types and a greater 
number of turns if desired. Fortunately, 
Gordon's expression N = K\/L Plots as a 
straight line on log-log graph paper; 
therefore, by using paper with more 
cycles, a more complete nomograph can 
be obtained. I constructed the original 
graph by rearranging the above formula 
into the form L = N 2 / K 2 , where K is 
one of the core constants, and then 
solved the equation for L when N is 20 
and 100. This gives two points which 
can be connected by a straight line. 

The dashed line shows actual mea-
sured values for an Amidon T50-2 core. 
Fou r test coils were wound using 
number-26 (0.4mm) enamel covered 
wire. A commercial Q meter was used to 
measure Q, and the inductance was cal-
culated from the resonant frequency 
formula. The small discrepancy noted 
between the measured and calculated 
inductance values could have been due 
to connecting lead length and Q-meter 
accuracy. 

Charles Miller, W3WLX 

'Michael Gordon, WB9FHC, "Calculating the 
Inductance of Toroids," ham radio, February, 
1972, page 50. 
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single sideband 

speech splatter 

An informative 

discussion of 

nonlinear ssb operation 

and what to do 

about it 

If you've listened o n the l ow- f r equency 
end of the 20-meter phone band when 
two or three rare D X stations are com-
ing through, you've probably noticed a 
steady, noise-like signal between the D X 
stations. Under good condit ions the 
noise may be S2 or S3; more l ikely it's 
S9 or more. This steady noise seems to 
come from no particular station; in fact 
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it seems to emanate from all stations of 
the band. The noise is caused by splatter. 

When only one station is causing 
splatter, it's a good bet the operator wi l l 
be told his transmitter is at fault. Some-
times this brings an apology and an 
immediate resolution; often it brings a 
protestation of innocence based on the 
equipment in use: " M y so-and-so off-
the-shelf rig has super automatic level 
control; it can't be me." A cop-out 
response? Perhaps not. The fel low in 
question may not understand the causes 
and cure of splatter. 

This article presents some hints on 
the causes, cure, and source of splatter 
interference and what can be done 
about it to help alleviate the noise prob-
lem in the congested amateur phone 
bands. 

source of splatter 
Splatter comes f rom a single source; 

in fact a rather simple one. There is a 
relationship between the way a signal 
changes and the bandwidth it occupies. 
The relationship is easily described math-
ematically, but this does not lead to 
a good understanding of the process. 
For this discussion let's look at some 

28 G S September 1975 



special types of signals and use these as 
analogies. 

A simple example of a signal with a 
high rate of change is a pulse of width 
At, corresponding to a dot of a CW 
signal or to an ideal radar pulse. With 
respect to time, the signal is off for a 
long period, then on at constant 
strength for a period At, then off again 
for a long period. With respect to fre-
quency, the relative strength of this 
signal varies with frequency; its spec-
trum is shown in fig. 1. Most of the 
signal energy is contained in the band-
width defined by f = 1/Af. 

For example, suppose the pulse rep-
resents a dot with a width of 50 milli-
seconds and a dot speed of 24 words per 
minute. Most of the energy will be 
contained within a band 20-Hz wide. If 
the pulse is from a radar, having a width 
of 0.2 microsecond, most of the signal 
energy will be contained within a band 
5-MHz wide. On a relative basis, the 
shape of these two signals is the same. 

Both of these signals have additional 
peaks extending outward from this cen-
tral band, as shown in fig. 1. These 
additional components ate the source of 
key clicks on CW signals and the typical 
buzz of a radar signal when a receiver is 
tuned well away from center frequency. 

DISTANCE FROM CENTER FREQUENCY 

The components extend far from the 
center frequency. 

For a perfectly rectangular pulse, the 
magnitude of the components is defined 
by the relationship (sin X)/X. This rela-
tionship is called the aperture function 
and is the envelope of the spectrum 

amplitude for a single square pulse. The 
X, in this case, is trT0f, where T 0 is the 
pulse duration (seconds) and f is the 
frequency (Hz) at which it is desired to 
know how much signal amplitude exists. 
If the pulse duration is 0.1 second and 
you want to know how much splatter 

exists at, say, 100 Hz from center fre-
quency, then 

7r{0.1 ) { 1 00) = 1077 

and 

sin 10 it _ 
10 7T ~

 U 

There is no splatter at all at exactly 
100 Hz from center frequency. How-
ever, if you ask about splatter 5 Hz 
from center frequency, 

jt(0.1)(5) = 0.5 n 

and (sin n!2)h7 = 1/tt2 = 2/tt = 0.636, 
or about two-thirds the signal you'd 
hear exactly on frequency. 

The influence of this idealized signal 
extends over the entire band, from dc to 
infinitely high frequencies. The change 
in signal strength with frequency is 
slow. For example, if the maxima have a 
strength of 100 mV at 10 kHz from the 
center of the CW signal, they will have a 
strength of 50 mV at 20 kHz from the 
signal, 25 mV at 40 kHz, etc. 

For a given pulse width and ampli-
tude, the only way we can change the 
signal spectrum is to change the rate of 
change of the signal or rise time. This 
affects the strength of components far 
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f rom the center frequency of the signal 
w i thout changing the main part of the 
signal very much. For example, suppose 
the pulse were changed f rom a perfect 
rectangle to the triangle of fig. 2. The 
energy d ist r ibut ion is now described by 
the relationship ({sin X)/X}2, but the 

fig. 3. Block diagram of the basic filter-type 
ssb transmitter. 

peak amplitudes far f rom center fre-
quency decrease twice as fast as before. 
If the maxima are 100 mV at 10 Hz 
f rom center frequency, they w i l l be 25 
mV at 20 kHz; 6.25 mV at 40 kHz, etc. 
The energy very close to the center 
frequency is identical for the triangle 
and the rectangle. Other wave shapes 
can show greater reduction of the "far-
out" components.1 

This modif icat ion of wave shape and 
its effect on far-from-center frequency 
components is the principle of the key 
click fi l ters used in CW. Note that the 
shaping can't stop key clicks — all i t can 
do is reduce their strength and, in par-
t icular, reduce the strength of the com-
ponents relatively far f rom the signal. 
For the 20-wpm signal, clicks beyond a 
few hundred Hz can be brought to the 
noise level or below. 

The important point of this discus-
sion is that any signal that goes on and 
off wi l l spread across a band of fre-
quencies. How far it spreads and how 
much energy occurs at each frequency is 
determined by the interval between on 
and o f f , the rate of change of the signal 
during the on period, and the maximum 
amplitude the signal reaches. 

ssb signal generation 
Now let's apply these principles to 

ssb phone signals. We'll ignore some 
" f ine structure," such as the effect of 
turn ing the transmitter on at the begin-
ning and o f f at the end of a trans-
mission. What we want to look at is how 
a signal supposedly contained w i th in the 
speech bandwidth can appear many kHz 
f rom this nominal band: in other words, 
we want to know where splatter comes 
f rom. To do this let's look at how the 
signal is formed and processed. 

Fig. 3 shows, in block diagram form, 
an elementary single-sideband trans-
mit ter. Aud io and carrier are processed 
by the modulator to produce a double 
sideband suppressed-carrier signal. The 
modulator also produces distor t ion pro-
ducts at twice the frequency of the 
carrier, three times its frequency, etc. 
However, all of the signal outside the 
passband of the f i l ter is rejected; there-
fore, only speech products ly ing be-
tween about 300 and 2400 Hz, plus the 
small amount of d istort ion that lies 
w i th in this range, are passed on to the 
fo l lowing amplifiers. A t the output of 

fig. 4. Ideal amplifier has linear relationship 
between input and output. 

the f i l ter the signal is free of widespread 
spurious components: i t is splatter-free. 

This nearly ideal signal is then ampli-
fied and f inal ly transmitted. If the am-
plifiers are linear, no energy wi l l exist out-
side the passband. That is, the amplif ier 
output signals must bear a direct relation-
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ship to the input signals. Each ampli-
fier must follow the law 

e o u t = ) 

The transfer function of the am-
plifier must look like fig. 4. Unfortu-
nately, most amplifiers don't attain this 
ideal relationship and this is where the 
trouble comes from. In looking at this, 
let's again remember we're not inter-
ested in "fine structure;" that is, distor-
tion close to the transmitted signal or 
regeneration of the rejected sideband, or 
things of that kind.2 We want to know 
the source of splatter. 

splatter due to flat-topping 
One characteristic of practical ampli-

fiers is that they saturate. The output 
reaches some maximum level then 
doesn't increase further. Instead of 
being linear they have the relationship 
shown in fig. 5. The effect on a typical 
signal is shown in fig. 6; it becomes 
amplitude-limited and is usually called 
flat-topped. The effect of flat-topping is 
the same as if the transmitter were 
putting out an ideal signal plus a 

fig. 5. Input-output relationship of an ampli-
fier which saturates. 

negative-going pulse that cancels the top 
of the signal (fig. 7). The transmitter is 
now transmitting its intended signal and 
is also transmitting a radar-like pulse. 
Flat-topping generates splatter. Since 
speech waveforms last for relatively 

short periods, and since only the tip of 
the wave is cut off, the radar-like pulse 
formed by peak clipping has a very 
short duration. Therefore, it spreads a 
long way from the desired signal and 
repeats at each voice peak, generating 
the sound amateurs call "buckshot". 

Note that the signal close to the 
center frequency is perfectly good. 
Don't ask the station you are working if 
you are splattering; he can't tell since he 
hears a perfectly good signal. It's the 
station well removed from the center 
frequency who hears the splatter. 

splatter due to bias-off 
Another characteristic of practical 

amplifiers is the tendency to ignore 
small signals. For a small input they 
show no output for a time. The transfer 
function tends to look as in fig. 8, 
which causes the bottom end of the 
signal to be clipped. Again, this is equal 
to a normal signal plus a distortion 
term. In audio amplifiers, where push-
pull operation is common, this clipping 
is called crossover distortion. It also 
exists in single-ended amplifiers and is 
the result of improper bias adjustment 
- the bias is set too high - often in an 
attempt to reduce the tube idling current. 

This form of distortion is less likely 
to cause trouble than that from positive 
peaks, since only a small part of the 
signal is affected. However, evidence 
indicates that the importance of this 
form of distortion has recently in-
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creased as power companies lower line 
voltage or allow poorer line voltage 
regulation. These acts reduce the plate 
voltage (unregulated) but usually don't 
affect the bias voltage, since it is regu-
lated. Effectively, the reduced line volt-
age increases the bias on the tube 
and therefore increases this type of 
distortion. 

splatter due to parasitics 
Another characteristic of practical 

amplifiers is a tendency to oscillate, 
often at a frequency far from that at 
which they are designed to work. Some-
times this parasitic oscillation starts at a 
specific plate voltage and dies out when 
the voltage increases beyond this level 
or when it decreases below this level 
again. The effect on the input-output 
relationship can be as in fig. 9. Either of 
these oscillations will create splatter as 
the parasitic turns itself on and off. 
Very similar effects can appear if the 

amplifier is merely unstable instead of 
oscillatory. This action causes the ampli-
fier output to increase beyond its nor-
mal value, then level off, or perhaps 
even drop back to normal. 

Problems of these types are very 
common when amplifiers are first tuned 

fig. 7. Fiat-topping as the sum of an ideal sig-
nal plus pulses. 

INPUT 

fig. 8. Input-output relationship of an ampli-
fier with crossover distort ion. 

up. They may arise again because of 
components that become defective or 
change values: more commonly, they 
arise when an amplifier isn't adjusted 
properly or if it's operated with voltages 
appreciably different than those for 
which it was adjusted. It's likely that 
the really bad cases of splatter are due to 
such parasitic oscillations or instability. 

splatter due to level control 
Let's go back to the flat-topping 

situation, which is the most common 
problem. A number of automatic means 
of preventing flat-topping have been 
developed. Most work by detecting a 
particular level of signal at the final 
amplifier and feeding the signal back to 
an earlier amplifier to reduce the gain. 
This scheme is called automatic level 
control, A L C , or overdrive detection. 
The intent of these systems is to reduce 
the value of k in the linear input-output 
relationship, eout ~k (e|n), to the point 
where linear operation is maintained — 
by keeping all peaks below the overload 
point. 
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Unfortunately there can be some 
problems with these automatic circuits. 
It takes a finite time for the overload 
signal to be detected, fed back, and for 
it to reduce the gain of the earlier stage. 
This time delay can also introduce a 
problem, as shown in fig. 10. The rela-
tively sudden decrease from the initial 
value of A: to a second value is just as 
effective in producing splatter as any 
other change of equal rate and magni-
tude. An associated splatter source may 
be the click of the vox relay pulling in: 
it's gone before the A L C circuits can 
act, but it can still produce splatter. 

Some transmitters incorporate cir-
cuits to prevent these sudden changes 
from occuring. There may be several 
gain-controlled stages, or several control 
sources, with different time constants. 
These complex circuits definitely help 
prevent the rapid changes shown in fig. 
10; however, even they can't cope with 
the results of a wide-open gain con-
trol. The transmitter struggles zealously 
but just can't prevent splatter from 
occurring. 

splatter due to the receiver 
To be complete, we should note that 

receivers also include some linear stages, 
and can have almost identical problems. 
Problems arise if these stages are over-
loaded, unstable, or if the automatic 
gain control circuit time constants don't 
match the rate of change of a particular 
signal being received. Splatter reports 
can be generated in the receiver, so that 
a false report is perfectly possible. If 
you're told you're splattering, it's in 
order to ask about the precautions 
against receiver overload, assuming your 
transmitter is operating linearly. 

detecting your own splatter 
Many stations are equipped with an 

oscilloscope or monitor. This is by far 
the best way to operate, but it's neces-
sary to be cautious. A scope won't show 
all splatter problems. Example: suppose 

two transmitters are operating. One is 
an ssb transmitter with two-tone modu-
lation. The second is an a-m transmitter 
100 percent modulated by the un-
filtered output of a full-wave rectifier. 
As seen on a monitor scope, what is the 
difference between these two signals? 

fig. 9. Input-output relationships of an ampli-
fier with parasitic oscillations. 

The answer is that, to casual inspec-
tion, there is absolutely no difference. 
Both look like the ideal signal of fig. 7. 
Even detailed inspection of the envelope 
will not show any difference. The only 
way a scope can detect the difference is 
to look at the rf waveform. When this is 
done, a phase reversal will be found at 
each zero crossing of the envelope for 
the two-tone test: the rf wave of the 
a-m signal doesn't show this reversal. 
This very small difference won't show 
up on any of the usual types of signal 
monitor; yet the difference as seen by 
outside receivers is enormous. The two-
tone ssb signal is clean while the recti-
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f i e r - o u t p u t m o d u l a t e d a-m signal 
spreads to many, many times the fre-
quency of the modulating sine wave. 

Fortunately this situation is artif icial 
but it does show that casual observation 
of the scope is not enough; some atten-
t ion to detail is necessary. The first 

2 a. 
D O 

INPUT 

fig. 10. Iriput-output relationship of ari ampli-
fier with poor automatic leveling control. 

point to watch for is f lat-topping, usu-
ally the only item observed. Sharp peaks 
of the voice signal area good indication 
that splatter is not occurring f rom flat-
topping. However, splatter due to para-
sitics or t o instabil ity can cause a pat-
tern tha t resembles, very closely, t he 
sharp peaks of a voice pattern. It takes 
careful examination of the signal, and, 
in particular, examination of the rate of 
rise around the midpoints of the signal, 
to detect splatter-producing parasitics. 
The type of splatter that arises f rom 
sharp changes at the lower signal levels 
is also detectable on the scope, but also 
only by careful observation. The ru le 
should be, inspect the entire signal, not 
just peaks. 

Many operators wi th stations using 
t ransmi t ters incorporating automatic 
level control (ALC) eliminate the scope 
and place their dependence on the auto-
matic circuits. As long as the circuits are 
working properly and the transmitter is 
adjusted properly, this is satisfactory. 
The circuits do work if given half a 
chance; however, the practice of turning 

the gain fu l ly open is responsible for 
much splatter. The gain control should be 
set to give ALC action as recommended 
by the instruction book. 

Stations using transmitters wi thout 
ALC and no scope have a special prob-
lem. It's almost impossible to detect 
s p l a t t e r generation by reading the 
meters on the transmitter. About the 
only automatic way of preventing splat-
ter is to choose an exciter that can't 
overdrive the amplif ier. In most cases, 
this means l imit ing the exciter power to 
about one-tenth to one-twentieth the 
power of the final amplif ier. If the final 
is to run 1000 watts input, the ex-
citer should run no more than 50-100 
watts input. 
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"Let me put it this way. If you asked me 
your QSA, I'd give you about a 2-3-1." 
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There has been a tremendous increase in 
ssb activity on 432 MHz since the 
launch of Oscar 7 in late 1974. How-
ever, many amateurs who are communi-
cating through Oscar's 432-to-144-MHz 
translator are using only 5 to 15 watts 
ssb output on 432 MHz so they must 
use complex, high-gain antennas to hold 
a good signal through the satellite. Few 
432-MHz power amplifier designs have 
appeared in print, and because of mech-
anical considerations, vacuum-tube am-
plifiers are difficult to build at this fre-
quency. This article describes a two-
transistor, 100-watt PEP, solid-state 
linear amplifier which solves many of 
these problems. The components used 
in the amplifier, for the most part, are 
readily available. 

*RF Power Circuits Engineering, Motorola 
Semiconductor Products Division, 5005 East 
McDowell Road, Phoenix, Arizona. 
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The transistors used in this power 
amplifier are the new high reliability 
Motorola MRF306s. The MRF306 is a 
28 volt, 60 watt, 225 to 400 MHz 
power transistor and is unique in that it 
is internally matched for broadband use. 
Internal matching is nothing more than 
extending the matching network to the 
actual chip inside the package. This is 
accomplished by incorporating the bond 
wires and additional MOS capacitors as 
tuning elements between the base lead 
and thr transistor die (fig. 1). The ladder 
network transforms the input impe-
dance of the device in a controlled man-
ner so it represents a low loaded Q at 
the frequency of use, hence the name, 
"Controlled Q Transistor." 

Gold metalization is used inside the 
MRF306 to provide high reliability, rug-
gedness, and long life. The device can 
withstand a load vswr of 30:1 at all 
phase angles at 60 watts CW output. 
This kind of ruggedness offers burnout 
protection against hazards such as a for-
gotten antenna connector or even a mis-
laid screwdriver! 

theory of operation 

The power amplifier described here is 
essentially a narrowband, parallel ampli-
fier that can be tuned from 420 to 450 
MHz. For conventional ssb use, a push-
pull configuration should be employed; 
in this case, however, both transistors 
are being driven at less than what they 
are capable, and operate in the class AB 
linear mode. Fig. 2 is a spectrum display 
of a two-tone test I ran on the amplifier. 
The center frequency is 432 MHz, the 
two tones are spaced 500 kHz apart, 
and power output is 100 watts PEP. The 
drive level is approximately 10 watts 
PEP. 

As you can see, the 3rd and 5th 
order intermodulation products are 
down 28 dB. IMD responses greater 
than - 3 0 dB can be attained by running 
the amplifier at lower power levels (see 
fig. 3), but since 100 watts is intended 
to be the "worst-case"condition, I chose 

to demonstrate its response there. I 
might add that you should always pay 
very close attention to the linearity of 
any amplifier, especially when operating 
in crowded bands or when using one of 
the OSCAR satellites. When you operate 
an amplifier too close to the saturation 
point of the curve, you not only in-
crease the incidence of spurious emis-
sion, your ssb signal also becomes mushy 
and distorted. 

BOND WIRES 

_rrvY\_ 

MOS 
, CAPACITOR „ 

<2- SECTION) 

-DIE 

r n 

fig. 1. The M R F 306 power transistors used in 
this amplifier use a ladder network between 
the base lead and the transistor die to trans-
form the input impedance of the device so it 
represents a low Q at the frequency of use. 

This power amplifier can also be used 
on CW and fm. When I first built the 
amplifier I biased it into class C, and 
was able to drive and sustain 140 watts 
of output power for more than 30 min-
utes (I cheated a bit by using a fan be-
cause the ambient temperature of the 
heatsink can rise above 80°C), If you 
wish to use the amplifier for either CW 
or fm, and not on ssb or a-m, you can 
replace the class AB bias circuit with a 
ferrite bead and a four-turn inductor 
from the base of each device to ground 
as shown in fig. 5A. The devices can be 
driven further into class C by placing a 
2.7 ohm, % watt resistor between the 
inductor and ground (fig. 5B). This re-
sistor is required only if you desire 
greater efficiency or have a greater drive 
level capability. 

construction 

The amplifier is built on 1/16 inch 
(1.5mm) thick double-clad G10 epoxy-
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fig. 2. Spectrum display of 100-watt amplifier 
at 432 M H z shows 3rd and 5th jntermodula-
tion distortion products are down 28 d B refer-
enced to 100-watt output (each vertical divi-
sion = 10 dB) . 

glass printed-circuit board. I normally 
design with 1/16 inch (1.5mm) thick 
glass-teflon board, but at $135 a sheet 
it's a bit expensive for amateur radio 
projects. Epoxy-glass circuit board is 
somewhat lossy at 432 MHz, but is still 
quite acceptable for amateur use con-
sidering the cost differential. 

However, it is imperative that you 
use double-sided board. It is also impor-
tant that the ground on the bottom side 
be tied closely to the ground pads on 
the top side. This is accomplished by 
using either eyelets or plated-through 
holes from one side to the next. If you 
don't have eyelets you can do it by drill-
ing holes through the board with a 
number-50 (1.8mm) drill; you then 
place number-18 or -20 (1.0 or 0.8mm) 
wire through the holes, solder both 
ends, and trim them off flush with the 
circuit board. I recommend that you 
make such a connection under each 
Unelco capacitor. As for the holes for 
the transistor flanges, a good drill, a file, 
patience, and a little elbow grease are all 
that is necessary. 

The Unelco metal-clad mica capaci-
tors have a dual purpose. Not only are 
they important to the input and output 
networks, they also serve as supports for 
the transistor leads. The Unelco capaci-
tors are a bit expensive, but at these fre-
quencies they cannot be replaced by 

anything other than porcelain chip 
capacitors such as those manufactured 
by ATC. 

The transistors should always be 
screwed down to the heatsink (thermal 
compound underneath) before soldering 
the leads as it is possible to crack or 
break off the ceramic cap of the device. 
(The clearance holes in the flange are 
made for 4-40 [M3] screws.) Once this 
is done, the base and collector leads can 
be connected to the microstrip with 2 
to 5 mil (0.05 to 0.10mm) thick copper 
or brass strap. Be sure that the width of 
the strap does not exceed the width of 
the microstrip. 

The Arco variable mica trimmers 
work surprisingly well at uhf. Piston 
variables are better suited for uhf work, 
but here again the price tag is prohibi-
tive. When you look at the bottom of 
the Arco variables you will notice that 
there are two small grounding tabs on 
each side. These tabs must be soldered 
to the ground plane to reduce the 
amount of lead inductance inherent in 
the capacitor. Be careful, when install-
ing the capacitor, to make sure it 
doesn't short out the microstrip. 

The collector and base biasing cir-
cuits are best placed between the two 
devices in the center of the board (see 
fig. 6). The 580 pF feedthrough capaci-
tor, C12, is mounted on a piece of 
0.7x0.4 inch (18x10mm) copper strap. 

POWER OUTPUT (WATTS) 

fig. 3. IMD performance of the 100-watt 
4 3 2 - M H z power amplifier vs output power 
( V c c = 28 V d c , quiescent collector current = 
100 mA). 
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£ £ C 9 OUTPUT 

100 

C 1 . C 2 , 
C 1 4 
C 3 r C 4 

C 5 , C 6 

C7,C8 
C 1 9 

C 9 

C I O 

C l l 

C 1 2 

C 1 3 

C15,C16 

20 p F mica trimmer (Area 402) 

40 p F metal-clad mica capacitor 
(Underwood) 

25 p F metal-clad mica capacitor 
(Underwood) 

40 p F mica trimmer (Arco 403) 

100 p F metal-clad mica capacitor 
(Underwood) 

200 p F metal-clad mica capacitor 
(Underwood) 

0.01 H F disc ceramic, 100 V 

680 p F Al len Bradley feedthrough 
capacitor 

1 / iF tantalum, 50 V 

40 p F metal-clad mica capacitor 
(Underwood) 

C17.C18 25 p F metal-clad mica capacitor 
(Underwood) 

C R 2 1 amp silicon diode with 0.6 volt 
forward drop (Motorola M R 5 0 1 ) 

L 1 - L 4 4 turns no. 22 (0 .6mm) enameled 
wire, closewound on 1/8" (3mm) 
mandrel 

R1 50 ohm, 5 watt 
R2 30 ohm, 1 watt 
R 3 , R 4 1 ohm wirewound, lk watt 
R S , R 6 6.8 ohm, V4 watt 
Z 1 M i c r o s t r l p 0 . i l " (3mm) wide, 0 .75" 

(19mm) long 

Z 2 Microstrip 0 . 1 1 " (3mm) wide, 1 .3" 

(33mm) long 

Z 3 , Z 4 Microstrip 0 . 1 1 " (3mm) wide, 2 .3" 
(58.5mm) long 

Z 5 , Z 6 Microstrip 0 . 1 6 " (3mm) wide, 1.7" 
(43mm) long 

fig. 4. Schematic diagram of the solid-state 100-watt linear amplifier for 432 MHz, This amplifier 
may also be used on fm or CW by replacing the class A B bias circuit with a ferrite bead and 
inductor as shown in fig. 5. 

A 0.192 inch (5mm) hole is drilled 
through the strap for insertion of the 
capacitor and a small right-angle bend is 
placed in the strap so it can be soldered 
upright on the board. 

The 1 juF tantalum capacitor, C13, is 
connected on the side which is elec-

trically closest to the power supply. The 
0.1 mF disc capacitor, C11, is connected 
on the other side of the feedthrough. 
The collector chokes L 3 and L4 come 
straight off the feedthrough to a point 
on the collector leads as close as possi-
ble to the cap of the devices. 
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biasing scheme used in this amplifier 
will keep the MRF306s biased between 
20 and 50 milliamps of quiescent collec-
tor current. This variation in quiescent 
current has little or no effect in IMD 
performance but does have a small 
effect on gain. 

The placement of the 1-ohm wire-
wound resistors, R3 and R4, is not as 
critical as that of the collector chokes; it 
is still advisable, however, to have the 
bias brought in as close to the transistor 
package as possible. Remember, too, 
that the 1-ohm wirewound resistor acts 
as an rf choke. Carbon varieties will not 
work in this application. 

It is necessary to use approximately 
100 nH of inductance in series with the 
6.8 ohm resistors, R5 and R6, as they 
are carbon-composition resistors. The 
junction point of diode CR2, resistors 
R2, R3 and R4, and capacitor C10 use 
the isolated tab of the Unelco capacitor 
as a standoff. The anode lead of the 
zener diode, CR1, may be soldered 
directly to the circuit board. The cath-
ode lead then serves as a tie point for 

fig. 6. Component placement for the 432-MHz power amplifier. 
Full-sized printed-circuit board is shown in fig. 7. 

bias circuit 

As you may or may not know, the 
h F E (dc current gain) of transistors will 
vary from device to device but will al-
ways stay within a prescribed tolerance. 
As a result of some laborious experi-
mentation, I have determined that the 

fig. 5. Power amplifier can be operated in 
class C for fm and CW by connecting a ferrite 
bead and inductor from the base of each de-
vice to ground as shown in (A) . The devices 
can be driven further into class C by adding 
the 2.7 ohm series resistor as in (B). Inductor 
L1 is 4 turns no. 22, 1 /8" (3mm) inside 
diameter. 
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resistors R1 and R2. The other end of 
resistor R1 is connected directly to +28 
volts. 

Finally, the 100 pF series capacitor 
in the output, C9, is mounted by plac-
ing it on its side on the microstrip with 
its isolated tab connected to the BNC 
output connector. This capacitor pre-

ments and sufficient voltage regulation 
to prevent gross V c c fluctuations dur-
ing load and no-load conditions, as en-
countered during modulation. Fig. 8 is a 
basic block diagram of a simple power 
supply that meets these requirements 
for this amplifier, 

The transformer should provide from 

f>9. 7. Full-sized printed-circuit layout for the 100-watt 
linear power amplifier. Component placement is shown in fig. 6. 

sents only a small impedance bump in 
the collector load circuit. Its main pur-
pose is to prevent shorting the dc power 
supply to ground when using a dc 
grounded antenna such as a Yagi. 

power supply 
Let's digress for a moment and give 

consideration to a subject that is often 
neglected in articles such as these: A 
good power supply. Good IMD response 
is not only dependent upon bias, a good 
linear device, and proper collector load-
ing, but also on a power supply that is 
capable of following the load changes 
presented by ssb operation. The power 
supply should have enough current 
capacity to handle peak current require-

26 to 35 volts with a current rating of 
10 amps or greater. If you thumb 
quickly through practically any surplus 
parts catalogue you will find many suit-
able transformers at very reasonable 
prices. The bridge rectifier is anything 
capable of 10 amps. I recommend using 
the MDA962-1. A Motorola MPC1000 
voltage regulator IC, followed by a large 
capacitor, wil l provide excellent 
regulation. 

Tune-tup of the amplifier is not as 
tricky as it may seem, although it will 
require a little caution at first. It is 
advisable, if you have a means of vary-
ing the drive level, that you begin by 
applying only 3 to 5 watts to the input. 
It is very important that you get the 
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collectors loaded to a "ball park" point 
before you start pouring on the coal. 

When you first begin tune-up, adjust 
the input trimmers until you see a small 
deflection of output power. Then imme-
diately adjust the output trimmers for 
peak output, ignoring the input match 
for the moment. The best way to adjust 
the output is to adjust C8 for a peak 
before adjusting C7 and C19. Capacitors 
C7 and C19 should be adjusted so that 
both Q1 and Q2 are equally sharing the 
load. Once you have a reasonably good 
collector load established, you can go 
ahead and do the same to the input 
match. 

You will notice that, as output 
power increases, the output circuit will 
require small amounts of adjustment. 
This is because the required collector 
load impedance changes slightly as 
power increases. A small decrease in 

Tl 
I Sen 
Tittl 

fig. 8. Basic block diagram of a regulated 
28-volt supply for the 100-watt solid-state 
power amplifier. The Motorola MPC1000 is a 
positive voltage regulator designed to deliver 
up to 10 amps dc. 

capacitance will probably be required 
on all the output trimmers as output 
power comes up. Alternately adjust the 
input and output circuits until you have 
reached your desired operating point 
(around 100 watts output). 

The collector current should be 
between 6 and 8 amps depending upon 
the operating frequency. Capacitor C8 

Top view of the solid-state 100-watt 432-MHz power amplifier, showing placement of the various 
components. Component designations can be easily correlated with the printed-circuit layout 
diagram in fig. 6. Input is at the left. 
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NEW FROM MFJ 
may be adjusted for slightly better effi-
ciency but be careful not to drive the 
amplifier above 100 watts PEP output 
as severe flattopping will occur in the 
output waveform. 

I hope you find this amplifier to be a 
useful tool in extending the capabilities 
of your 432 MHz station. There are 
many ways that this amplifier can be 
made to work even better, but it was 
my desire to make it as simple and in-

120 
S2 
h-g 

a 

O 

£ 
=e 
o 

BO 

70 

5 10 IS 20 25 JO 

DRIVE POWER (WATTS) 
35 

fig. 9. Plot of drive vs output power for the 
100-watt 4 3 2 - M H z power amplifier operating 
in class A B ( V c c = 28 Vdc ) . No te that the 
Knee of the curve Is just above 1 0 0 watts out* 
put; this corresponds to the rol loff In I M D 
performance s h o w n in fig. 3. 

expensive as possible without seriously 
degrading performance. 

A lot of the technology employed in 
solid-state power devices and amplifier 
design is new to amateur radio (and to 
industry as well) but as soon as techni-
cal publications and education programs 
can get geared up to this new tech-
nology, this type of work will become 
more and more commonplace. It should 
be the job of amateurs who are familiar 
with this technology to show the rest 
how it is done, and also to be the first 
ones to improve its implementation. 

ham radio 

S U P E R LOGAR ITHM IC S P E E C H P R O C E S S O R 

MODEL LSP-520BX 
4 0 0 % M O R E R F POWER Is yours with this 
plug-in unit. Simply plug LSP-520BX into 
the circuit between the microphone and 
transmitter and your voice suddenly is trans-
formed from a whisper to a D Y N A M I C 
OUTPUT! 

Look what happens to the RF Power Output 
on our NCX-3. It was tuned for normal S S B 
operation and then left untouched for these 
"before " and "after" oscil lograms. 

sing-
high peaks and the low valleys. Our NCX-3 
is putting out only 25 watts average power. 

Fig. 2 S S B signal after process ing with LSP-
520BX. The once weak valleys are now strong 
peaks. Our NCX-3 now puts out 100 watts 
of average power. 

Three active filters concentrate power on 
those frequencies that yield max imum intelli-
gence, Acids strength in weak valleys oF 
normal speech patterns. This is accomplished 
through use of an IC logarithmic ampiifier 
with a dynamic range of 30dB for clean audio 
with m in imum distortion. 

This unit is practically distortion-free even 
at 3 0 d B compress ion! The input to the LSP-
520BX is completely filtered and shielded 
for RF protection. 

Size is a mere 2 3/16H x S V i W x 4D. Money 
back if not delighted and O N E YEAR UN-
C O N D I T I O N A L GUARANTEE. 

Order now or write for FREE brochure. 

LSP-520BX $49.95 
A D D $1.50 SHIPPING & H A N D L I N G 

DEALER tNQIRIES 
I N V I T E D 

601-323-5869 

MFJ ENTERPRISES 
P. O. BOX 494(H) 

MISS. STATE, MS 39762 
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hand-held touch-tone 
New Motorola 

tone-encoder IC 

is the basis for 

this miniature 

Touch-Tone encoder 

for use in 

hand-held fm 

transceivers 

I The continuing increase in the popu-
larity of autopatches, on both two 

5 meters and 450 MHz, coupled with the 
tj large number of hand-held fm trans-
Tj ceivers now available, has generated the 
g need for a truly compact tone encoder. 
' I With the introduction of a single-chip IC 
<5s for this purpose, the handie-talkie 
.2 Touch-Tone is now a practical achieve-
5 ment and for less than $35 you can 
o enjoy all the benefits of your autopatch 

while operating portable with a handie-
S talkie. 
> The Motorola MC14410 is a comple-
£ mentary mos IC and is functionally a 
c- 2-of-8 tone encoder or Touch-Tone.1 It 
£ is available in both plastic and ceramic 
c packages, but for amateur purposes 
| there is no reason to pay the premium 
-» for the ceramic package. Designed for 
< 4.4 to 6 volts, it will withstand moder-
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ate over-voltages. As it requires only 4 
to 5 mA, it has little effect on the total 
current drawn by the radio and can be 
switched with the T-R key. The IC is 
complete within itself except for a 
1-MHz crystal and the necessary compo-
nents to limit voltage and match the 
output to the radio. 

Unlike many other hybrids available 
today, the MCI4410 is not susceptible 
to rf interference, so close proximity to 
the transmitter is no problem. The 
board shown here was designed to slide 
into the PL area of an Omni-housing 
Motorola HT220 radio. Fortunately, it 
is small enough to be tucked away in 
some corner of almost any fm trans-
ceiver. The crystal can be remoted on 
pigtails, and does not have to be 
mounted on the printed-circuit board, 
but can be located wherever space is 
available. 

construction 
Any good PC board material can be 

used for the circuit board. Since the 
solder pads are small, a board with good 
adhering foil is necessary; the phenolic 
materials seem to lack this attribute. 
Use a number-64 (0.9mm) drill and a 
high-speed drill motor to avoid tearing 
the pads. The IC should be soldered in 
last to avoid any possible static build-up 

board first; Teflon insulated wire is eas-
ier to work with because the insulation 
doesn't melt at soldering temperatures. 
The double pad on pin 11 of the IC is 
for the fourth column tone if you have a 
4x4 keyboard — it was not needed here. 

As shown on fig. 1, the 1 -juF capaci-

r l h 
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fig. 1. Schematic diagram of the minia-
ture Touch-Tone encoder for the HT220 
fm handie-talkie. 

tor, C1, must be a nonpolarized unit. An 
alternative is to use two 1-^F electro-
lytics in parallel with reversed polarity. 
Since the output is approximately 25 
kilohms to ground, the capacitor can be 
tied directly into the audio line. 

A zener diode, CR1, is used to limit 
the voltage to the IC at high battery 

C 8 A D 

fig. 2. Component layout for the 
miniature tone encoder. Full-size 
circuit board layout is shown In 
fig. 3. Kits and components are 
available from Contact Labs, 35 
W. Fairmont, Tempe, Arizona 
85282. -JUMPER 

G F £ H 

on the MOS devices. Use a soldering 
iron, not a gun. Pins 1 and 7 are clipped 
off as they are not used. 

Very flexible, fine gauge wire is ad-
vised for the board-pad leads; the leads 
should be approximately 2-1/2 inches 
(6.5cm) long. Solder all the wires to the 

conditions; it should be picked so that 
Vbat(h) " v z = 7 v o l t s - F o r t h e HT220, 
since the battery goes to approximately 
16 volts at full charge, a 9-volt zener is 
used. Then, when the battery is low, 
there will still be 4.5 volts (13.5 - 9 = 
4.5 Vdc) available for the encoder. 
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fig. 3. Full-size printed-circuit board for the 
miniature tone encoder. 

The Chomerics ER-21623 pad pins 
must be clipped to approximately 1/8 
inch (3mm) so they will clear the com-
ponents of the HT220. Remove the fuse 
in the HT220 front cover f rom its clip 
while cutting the slots for the pins. An 
Xacto saw works well after pilot holes 
have been dril led; a Dremel Mototool 
could also be used. Extreme neatness 
isn't necessary as the Chomerics pad wi l l 
completely cover the slots after it is 
epoxied into place. 

The four plastic pins at the corners 
of the pad should be cut o f f and fi led 
flush wi th the case. Fit th in pieces of 
cardboard around the pin areas to sup-
port the pad (see fig. 4). The pad is then 
epoxied to the f ront of the radio. Be 
sure to roughen the plastic of the radio 
wi th fine sandpaper to insure a good 
bond. Also, be careful to only epoxy 
the four edge rails of the pad. A l i t t le 
goes a long way, and epoxy can seep 
around the inside edges of the pad and 
make it inoperative. 

After the epoxy has hardened, you 
are ready to put it all together. The pins 
of the pad should be tinned using a 
good clean hot iron. Do not overheat 
the pins as they wi l l come free inter-
nally from the pad, resulting in erratic 
or no operation. The eight wires f rom 
the circuit board can then be soldered 

fig. 4. Cardboard inserts 
(hatched areas) are used to 
suppor t the Chomerics 
T o u c h - T o n e pad (see t ex t ) . 

to the keyboard. The B+ supply, ground 
and audio are picked up as shown in the 
photograph. The di f f icu l t part is stuff-
ing all those wires in. A gentle loop 
between the front cover and main cir-
cuit board wil l suffice, and there don't 
appear to be any detrimental effects 
from having the eight wires right next to 
the radio circuitry. 

Interconnect points for the Touch-Tone en-
coder installed in a Motorola HT-220. 

The o u t p u t potentiometer, R4, 
should be adjusted to produce a 4 to 5 
kHz final frequency deviation when one 
key is depressed. This assumes, of 
course, that the radio's modulation 
causes a similar deviation during normal 
voice operation. Note that the micro-
phone is live, so use precautions while 
dialing. 

reference 
1. Jon DeLaune, W7FBB, "Digital Touch-
Tone Encoder for V H F FM," ham radio, 
April, 1975, page 28. 

ham radio 
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how to use 
milliammeters 

A discussion of 

meter shunts 

and other techniques 

to adapt surplus 

panel meters to the 

operating requirements 

of your own circuits 

Quite often neither your junkbox nor the 
local surplus out le t has the meter y o u 
need for some new piece of e q u i p m e n t . 
I t is very easy t o substi tute low-range 
mic roammeters or mi l l i ammeters where 
higher range mi l l i ammeters are w a n t e d , 
or vol tmeters in some cases. Meters have 
a genera l l y -unknown internal resistance 
and a shunt resistor w i l l d ivide the to ta l 
circuit current f l o w between the meter 
and the shunt according t o O h m ' s law. 
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It is not necessary t o de te rmine t h e 
meter resistance t o a p p l y this ancient 
t r i ck , a l though t h a t is not par t icu lar ly 
d i f f i cu l t , and meter shunts can be satis-
f a c t o r i l y made w i t h readi ly-avai lable 
materials. For example , on a recent rig I 
shunted a 6 0 m A meter t o read 6 0 0 
m A , a 2 0 0 /uA meter t o read 2 0 m A and 
a 1 0 0 mA meter t o read 10 m A . T h e 
basic test setup for current -meter shunt-
ing is a variable current source and a 
cal ibrated meter , ei ther a small ba t te ry , 
w i t h a series variable resistor, or an 
adjustable cur rent - l imi t ing power supply 
such as the Heath H P - 2 8 w h i c h can be 
set at the desired full-scale current . 

For mi l l iammeters , shunt resistances 
are o f t e n very small: a 10 m A meter , for 
example , is l ike ly t o have about 2 . 5 
ohms internal resistance and a 2 0 0 m A 
meter , about half an o h m . In the resis-
tance ranges desired, copper w i re makes 
qu i te satisfactory shunts. 

meter shunt theory 
For fulf-scafe meter readings there 

wi l l be an IR drop across the meter . I f it 
is desired tha t the meter read fu l l scale 
w h e n the to ta l c i rcui t current is higher, 
the shunt must have whatever resistance 
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wilt pass all the additional current at the 
same IR drop. For example, a 10 mA 
meter with 2.5 ohms internal resistance 
will have an IR drop of (0.01 X 2.5 = 
0.025 volt). If you wish the meter to 
read full scale when the circuit current 
is actually 100 mA, the shunt must pass 
90 mA at 0.025 volt, which calls for a 
0.278 ohm shunt (0.025V -r 0.09 mA = 
0.278 ohm). A standard-value 0.27 ohm 
resistor will do the trick. 

It is not difficult, however, to zero in 
on the right shunt value without know-
ing the internal resistance by taking a 
random length of small copper wire, 
placing it in series with the constant-
current source, connecting the meter to 
one end and tapping it (with a needle-
tipped probe) along the shunt wire until 
the meter reads full scale. Number-30 
enamel wire, for example, has about 0.1 
ohm per foot (3.28 ohm per meter) and 
the resistance and current-carrying 
capacity of other wire sizes appear in 
the A R R L Handbook. Thus, 2.8 feet 
(85.3cm) of number-30 wire wound in a 
small coil would make a suitable shunt 
for the previous example. 

A lot of trial and error can be saved, 
however, by some simple calculations. 
Start by making a trial shunt, erring on 
the low resistance side if you have lim-
ited control over your constant-current 
source. Here is how it went shunting a 
60 mA meter to 600 mA. With about 3 
inches (76mm) of resistance wire, 60 
mA in the circuit produced a meter 
reading of 15 mA, meaning that 45 mA 
was being passed by the shunt. As the 
IR drop across the meter and the par-
allel shunt is the same, two Ohm's law 
expressions can be stated in terms of 
three unknowns: the meter resistance, 
R m , the test shunt resistance, R s , and 
the common voltage across the meter 
and shunt, E, 

E = 0.045 R s 

E = 0.015 R m 

R s = 0.333 R m 

When this meter is used in the 600 
mA circuit the required current division 
between the meter and the shunt is 60 
mA through the meter and 540 mA 
through the shunt. Using the same set of 
equations, the relationship of the meter 
resistance to the desired shunt resis-
tance, Rj is calculated as follows: 

E 
E 

Rs 

0.540 r ; 
0.060 R m 

0.111 R m 

Since the meter resistance, R m , is an 
unchanging value, the desired shunt 
resistance, R^, compared to the test shunt 
resistance, R s , is: 

0.111 R r ; 
R , 0.333 R 

m 0.333 
m 

This is the same as saying that the wire 
in the desired shunt should be exactly 
one-third the length of the wire in the 
test shunt. The unknowns are still un-
knowns, but the desired result has been 
achieved. 

When shunting sensitive milliam-
meters or microammeters, a low-range 
resistance decade is nearly essential be-
cause the resistance values are too high 
for lengths of copper wire. Alterna-
tively, a small-value potentiometer can 
be used as a variable shunt, the value set 
for full-scale reading at the desired cir-
cuit current and then measured with an 
ohmmeter. 

The approximate shunt values can be 
estimated by noting that 1 mA meters 
typically have about 30 ohms resistance; 
500 £iA instruments, about 90 ohms; 
100 ;uA, 500 ohms; and 50 juA( about 
2500 ohms. (If a decade resistance box 
is used, be sure it has shorting contacts 
or the full circuit current will instantan-
eously go through the movement during 
switching!) With this technique, the 
actual value of the desired shunt is 
determined and it is possible to select 
series or parallel combinations of stan-
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dard-value resistors that will closely ap-
proximate the desired shunt value. 

Note that decade resistance boxes 
can be constructed with only four resis-
tances by using the Mallory type 154L 
switch, which automatically arranges a 
1-ohm, two 2-ohm and a 5-ohm resistor 
so as to provide the entire decade range. 
In the one-tenth to one ohm range 
switch contact resistance is not likely to 
be serious. Such a decade will be very 
convenient if you plan to design shunts 
for very many meters. 

There is less chance of blowing out 
meters accidentally in test set-ups if you 
wire the shunt in series with the current 
source and tap the meter around the 
shunt, rather than the other way round. 

You will probably find that resis-
tance wire is a bit hard to come by, and 
generally bare wire intended for heating 
elements is all that can be found. Stan-
dard Scientific Supply* carries Chrome-
A resistance wire (80 percent nickel and 
20 percent chromium) which has the 
best temperature/resistance relationship. 
Its resistance characteristics are listed in 
table 1. 

critical damping resistance 
If a meter is heavily shunted, the 

movement will be severely damped by 
self-induced current, and this may be 
undesirable in applications such as meas-
uring the plate current of a linear, or 
VU instruments. The amount of damp-
ing can be reduced by putting a small 
resistor in series with the movement and 
shunting the combination of that resis-
tor with the movement 

An interesting experiment with a sen-
sitive high-quality meter is to vary the 
shunt resistor with a potentiometer and 
observe how the needle oscillates before 
finally coming to rest. The largest resis-
tance for which the needle approaches 
the final setting without overswing is 

•Standard Scientific Supply Corp., 8 0 8 Broad-
way, New Yo rk , New Yo rk 10003. 

called the critical damping condition. 
With more resistance there will be a 
slight overswing, and with less resistance 
the final setting will be approached 
more slowly. 

In amateur applications there is no 
particular need to achieve critical damp-

table 1. Resistance characteristics of Chrome-A 
nickel-chromium resistance wire. 

resistance resistance 
B & S per foot per meter 
gauge diameter (ohms) (ohms) 

18 0 . 0 4 0 0 " ( 1 . 0 2 m m ) 0 . 4 0 6 1 .332 
2 0 0 . 0 3 2 0 " ( 0 . 8 1 m m ) 0 . 6 3 5 2 . 0 8 3 
2 2 0 . 0 2 5 3 " ( 0 . 6 4 m m ) 1 . 0 1 7 3 . 3 3 7 
2 4 0 . 0 2 0 1 " ( 0 . 5 1 m m ) 1 . 6 1 0 5 . 2 8 2 
2 6 0 . 0 1 5 9 " ( 0 . 4 0 m m ) 2 . 5 7 0 8 . 4 3 2 
2 8 0 . 0 1 2 6 " ( 0 . 3 2 m m ) 4 . 1 0 0 1 3 . 4 5 1 
3 0 0 . 0 1 0 0 " ( 0 . 2 5 m m ) 6 . 5 0 0 2 1 . 3 2 5 

ing, but it can easily be approximated 
by making the series combination of the 
shunt and resistance in series with the 
coil equal to the critical damping resis-
tance. 

meter multipliers 
Voltmeters can also be multiplied 

using additional series resistors, and low-
current milliammeters or microam-
meters can be easily converted to volt-
meter use. In this use, it is well to 
operate far below the wattage rating of 
the shunts because the temperature co-
efficient of standard carbon resistors is 
not the best. In addition, the maximum 
voltage across any one resistor should be 
kept below about 400 volts. 

One of the best uses for shunts is for 
multi-circuit metering of equipment 
where different current or voltage 
ranges are desired for each circuit. In 
such configurations it is very useful to 
mount the shunts on the switch — gen-
erally a non-shorting type. You must 
watch the voltages on the various cir-
cuits, and on the meter as well. Current 
production panel meters from Weston 
and other firms built to government 
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specifications are tested at 3000 volts 
(actually 2600 volts rms) between the 
movement and the case, but very old 
meters with metal zero-adjust screws 
should be used in high-voltage circuits 
only with great caution. 

If a multiplier resistor is used to 
expand the range of a voltmeter which 
is switched off the multiplier, leaving 
the multiplier resistor floating, it wil l 
assume the full voltage potential which 
may be more than the switch insulation 
can stand. A better approach is to run 
the multiplier to ground, taking the 
voltage off a tap on the multiplier resis-
tor. With this arrangement, the voltage 
across the switch contacts will be far less. 

ayrton shunt 
You can easily convert a sensitive 

meter into a multirange milliammeter 
with a few standard-value resistances 
and a switch using the configuration 
known as the Ayrton shunt shown in 
fig. 1. The values given will yield full-
scale readings of 10, 100 and 1000 
milliamperes within a few percent from 
a 1 mA meter with 50 ohms internal 
resistance. If your meter has less inter-
nal resistance, add enough resistance in 
series to bring it up to that value. A 

>3.1 
IOO• 
mA 

?)000 m4 
0 ' 

COMBINED 
RESISTANCE 

HA+Rm- 5 0 OHMS 

fi9. 1. Using the simple A y r t o n shunt circuit 
shown here, a 1 m A meter w i th SO ohms 
resistance can be used to measure 10, 100, 
and 1000 mA. 

rough way to measure internal meter 
resistance is to adjust a constant-current 
source through a resistor to bring the 
meter to full scale, and then add enough 
resistance in parallel to bring the meter 

to half scale. The added resistance then 
equals the meter resistance. 

Meters are sometimes found with 
non-linear movements, and they can be 
particularly useful in some applications 
(and of course internal resistance cannot 
be found in the manner just described). 

A R C 5 ANTENNA 
CURRENT INDICATOR 

m 
*20 EACH ISOO-OHM. 2-WATT 

RESISTORS. CONNECTED IN PARALLEL 

CALIBRATION 
SCALE POWER 

I 40 ri* 
2 (50 mlV 
3 JJO mW 
4 6(0 mW S 1.65 W 
6 2 70 W 
7 3.00 W 
8 8.60 W 
9 16.9 W 
10 = 45 W 

fig. 2. This wide range rf wattmeter uses sur-
plus non-linear "antenna current indicator" 
meter used in Command Set transmitters. 

Many amateurs have such meters in 
their junkboxes which were salvaged 
from war surplus Command Sets, a 21/2-
inch (64mm} meter with a zero-to-ten 
indication labelled, "antenna current 
indicator." Half-scale of this meter is 
about 5 milliamperes, but it is very 
sensitive at the low range and very 
insensitive at the high range. Built into 
the rf wattmeter shown in fig. 2, a scale 
reading of 1 corresponds to 40 milli-
watts on my instrument, 5 corresponds 
to 1.6 watts, and 9 corresponds to 17 
watts. This wattmeter is for 75-ohm 
systems but a similar arrangement could 
be built for 50 ohms (I often use 75-
ohm coax, as low-loss 75-ohm CATV 
cable is often available on the surplus 
market. 

If you cannot find a non-linear meter 
you can achieve the same result by 
shunting any meter with diodes and add-
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ing enough series resistance to the move-
ment to bring the combined IR drop to 
about the contact potential of the 
diode. Table 2 gives the full-scale IR 
drop of a common (and typical) series 
of panel micro/milliammeters. Since sili-
con diodes start to conduct at about 0.6 
volt, nonlinearity is achieved by adding 
enough series resistance to the move-
ment at Ry in fig. 3 so that the com-
bined IR drop is in this general range. 

If too large a resistance is added the 
meter will not reach full scale; if just 
enough resistance is added so that full 
scale can be achieved the reading will be 
very nonlinear, and by adding less the 
linearity is improved. In fact, merely 
adding a protective diode alone will 
produce some degree of non-linearity, 
although it is not likely to be noticeable 
except in microammeters. 

Parenthetically, meters are protected 
only up to the point where the shunting 
diode blows out, and with high-current 

table 2. In ternal resistance 
121ZC panel rmf l iammeters 
panel ins t ruments) . 

of S impson t y p e 

( t yp ica l of q u a l i t y 

internal full-scale 
full-scale resistance IR drop 
reading (ohms) (volts) 

50 JUA 5 0 0 0 0 . 2 5 0 
100 JUA 2 0 0 0 0 . 2 0 0 
2 0 0 /HA 1000 0 . 2 0 0 
500 JUA 2 0 0 0 . 1 0 0 

1 m A 4 6 0 . 0 4 6 
5 m A 2 3 0 . 1 1 5 

25 m A 3 0 . 0 7 5 
50 m A 1.5 0 . 0 7 5 

100 m A 0 .75 0 . 0 7 5 
2 0 0 m A 0 .6 0.120 

1 amp 0 .05 0 . 0 5 0 

diodes available so inexpensively on the 
surplus markets, it makes sense to use a 
10-ampere diode in any setup (such as 
an experimental bench supply) where 
short circuits are occasionally possible. 
These diodes need not be heatsinked. 

Nonlinearity of the opposite sort can 
be achieved by putting zener diodes in 
series with meters, and some very odd 

curves of current versus needle deflec-
tion can be obtained by various combi-
nations of zeners and shunt diodes. All 
of these effects, of course, ruin the 
original scale calibration. 

Zener diodes in series with milliam-
meters result in expanded-range volt-

I 

>SHUNT 

Rr 
-vw-

oiooe 

f ig. 3. S imple c i rcu i t f o r non- l inear iz ing 
meter movements uses semiconduc to r d iode 
(see tex t ) . 

meters. For example, a 150 volt, 10 
watt zener such as the 1N3011, in series 
with a 1N4007 and 100-ohm resistor, 
spreads out 100 to 130 volts over the 
entire scale of a 50 mA meter. The 
amount of resistance determines the 
amount of compression. Lower voltage 
zeners — typically just above the target 
voltage — are very useful for expanded 
scale monitors of battery packs and 
transmitter filament voltages. The addi-
tional series diode is only necessary 
when monitoring ac. 

summary 
Liberal use of meters can be one of 

the design features where the home 
builder can outshine the commercial 
source. Good quality panel meters are 
still in abundant supply in surplus and 
at flea markets, often at very low prices. 
Changing scales and ranges is not very 
diff icult for many types, though it is 
not possible to open up the newer her-
metically sealed-instruments. The more 
odd-ball the scale, of course, the lower 
the selling price. 

bibliography 
1 . E r n e s t Frank, Electrical Measurement 

Analysis, McGraw-H i l l , New Y o r k , 1959. 

ham radio 

52 (23 September 1975 



magnet-mount 

mobile antenna 

This simple, 

magnet-mount 

vhf antenna is useful 

for temporary 

mobile operation 

where a permanently 

mounted antenna 

is not available 

A magnet-mount antenna is an indispen-
sible item for anyone currently working 
vhf fm on 144, 220, or 450 MHz. When 
used in conjunction with a cigarette 
lighter adapter to provide 12 Vdc for 
the fm rig, it permits mobile operation 
from almost any vehicle at a moment's 
notice. Thus, from an emergency stand-
point, you are not restricted to a vehicle 
already equipped with a vhf antenna. In 
addition, the magnet mount is useful for 
those who do not wish to cut a hole in 
their car to operate mobile. 

Unfortunately, commercially avail-
able magnet-mount antennas are expen-
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sive, and up to now it has been difficult 
to obtain magnets with the right surface 
area, the right holding power, and the 
right price. This article describes a very 
simple quarter-wave magnet-mount an-
tenna which can be built in about a halt 
hour for any of the three vhf bands 
mentioned. The total cost of the an-
tenna, not including coaxial cable, is less 
than $6.00. All parts are readily avail-
able, and the magnets can be obtained 
locally.* 

The magnet-mount antenna is really 
too simple for words; fig. 1 shows a 
drawing of the antenna. It simply con-
sists of a good quality magnet, a V/z-
inch (38mm) long 6-32 or 8-32 (M3.5 or 
M4) flat-head screw, three nuts, a lock 
washer, coax connectors, and a cable 
clamp. 

construction 

To build the antenna, connect a fe 
male uhf chassis connector to the mag-
net as shown in fig. 1. Run the coax 
under the cable cfamp (or tape the 
coax to the screw if you don't have the 
clamp), and connect the inner conduc-
tor to the center of the coax connector 
and the shield to the flange. Take a 
piece of brazing rod of the proper 
length (see fig. 1), and solder it to the 
male uhf connector. Use some silicone 

*lf you can't find a local source, the IVi inch 
diameter magnets are available for $3.95 plus 
postage from George Allen Engineering, 8C 
Farmstead Lane, Windsor, Connecticut 06095 
Connecticut residents add 6% sales tax. 
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bathtub caulking such as that made by 
GE to f i l l up the male connector to 
provide a good seal. The brazing rod can 
be obtained f rom any welding supply 
house. 

In regard to the magnet, use round 
but ton or shallow pot A ln ico magnets 
or equivalent of VA or VA inches (32 to 
48mm) diameter. Magnets of this size 
provide enough holding power, whi le 
smaller magnets won ' t hold well and 
wi l l blow of f your car at high speeds. 
Note that when your antenna is not 
be ing used, make sure that the 
"keeper," the small metal piece pro-
vided w i th the magnet, is placed across 
the poles of the magnet. The use of the 
keeper prevents loss of magnet power. 

tuning 
Although this simple magnet-mount 

antenna wi l l give you good results, i t is 
not quite as eff icient as a quarter-wave 
antenna permanently mounted on your 
car. In most cases, however, you prob-
ably couldn' t see the difference between 
the magnet-mount antenna and one that 
is permanently mounted. In regard to 
feedline matching, it is d i f f icu l t w i th 

APPROXIMATE LENGTH FOR 
QUARTER-WAVE 

3/32" (2,5 mm) DlA. WHIP 

MHz IN. cm 

144 22 55.9 
220 15 38.1 
450 B 20.3 

BRAZING 
ROD 

FILL WITH 
SILICON 
TO SEAL 

MALE UHF 
CONNECTOR 
(PL-ZS9) 

FEMALE CHASSIS TYPE 
UHF COAX CONNECTOR 

(SO-239) 
6-32 NUT 

(USE LOCKWASHER) 

6-32 BOLT. FLATHEAD 
1-1/2" (38 mmI LONG 

CABLE CLAMP 

MAGNET 

fig. 1. Construction details of the simple 
magnet-mount mobile antenna. Dimensions 
are given for quarter-wave operation on 144, 
2 2 0 and 4 5 0 M H z . 

this type of antenna to get the swr 
d o w n to 1:1. However, this really 
doesn't matter since your feedline is 
very short and the overall losses wi l l be 
small. 

To tune the antenna, place the an-
tenna on the center of the car roof or 
t runk and connect an swr bridge in the 
line between the transmitter and the 
antenna. Start snipping o f f pieces of 
brazing rod by 1/8 inch (3mm) at a t ime 
unt i l the swr falls between 1.5:1 and 
2:1. A t this point the antenna is tuned, 
and the only remaining thing to do is t o 
put some silicone seal or tape on the 
end of the antenna to protect against 
injury. Note that the swr may vary 
when the antenna is used w i th dif ferent 
cars. 

performance 
I have been doing quite a bit of 

traveling in the last six months and have 
been taking this antenna w i th me. It is 
convenient to use, works well, and has 
yet to come of f a car roof at speeds up 
to 80 mph. I have been using the an-
tenna on all sorts of rental cars and have 
had no problems except where the car 
has a vinyl roof. In those cases I place 
the antenna on the trunk. The magnet 
won ' t hold well through the thickness 
of the vinyl. 

In practice, I place the antenna on 
the center of the roof or t runk and run 
the coax through a window, leaving the 
window slightly open so as not to dam-
age the cable. I connect the coax to my 
rig and I 'm on the air! It does not 
appear to be necessary to protect the 
car paint f rom the magnet. I have been 
using these mounts for four years and 
have yet to scratch the paint w i th a bare 
magnet. 

I hope that this short article gives 
you the incentive to bui ld this simple 
antenna; it's handy either for daily use 
or to keep in the closet for use in that 
emergency when you can't use your 
own car. 
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300-Hz 
crystal filter 

for Collins 
receivers 

Recently a number of 455-kHz Collins 
crystal filters with a 6-dB bandwidth of 
300 Hz have become available on the 
surplus market.* These filters, which 
were built to military specifications, 
have a 60-dB bandwidth of 1200 Hz and 
maximum insertion loss of 5 dB, are de-
signed for a source and load impedance 
of 2000 ohms, and do not require any 
resonating capacitors1 (mechanical fil-
ters for Collins receivers are designed for 
terminations of 50 kilohms or greater 
and require external capacitance to reso-
nate the transducer coils). If the crystal 
filter is not terminated with 2000 ohms, 
passband ripple will be on the order of 6 
dB or more and spurious response will 
seriously degrade skirt selectivity. 

Since the filters in Collins receivers 
are isolated by dc blocking capacitors, 
the required terminations for the crystal 
filter are most easily provided by simply 
connecting 2200-ohm resistors across 
the input and output terminals. Be sure 
to remove the 100 pF resonating capaci-
tors from the circuit, however, as they 
will cause excessive passband ripple and 
unwanted spurious response. When ter-
minated with 2200-ohm resistors pass-
band ripple is nil and the skirts roll off 
smoothly to 80 dB or more. 

Unfortunately, however, this simple 
resistive loading results in a serious 
impedance mismatch which manifests it-
self as 10 to 12 dB of additional circuit 
loss. Increasing the terminating resistors 
to 3900 ohms will reduce the loss about 
3 dB, but passband ripple starts to 
suffer. A better solution is to drive the 

oo 
o § 
09 

& 
£ 
re 

X 
s ® 
<u 

QJ 
0> 
CD 
Q>" 
c 

'n 

ca 

T3 
(0 
CC 
E 
<0 
I 

ill 
E 

crystal filter with the simple emitter 
follower circuit shown in fig. 1. This cir-
cuit, which requires only 10 mA of cur-
rent, reduces circuit loss to 3 dB or less 
and provides the filter with the required 
source impedance. 

The emitter follower can be built on 
a small section of perforated circuit 
board which is supported by the input 
and output wiring. Power is derived 
from the screen circuit of the mixer 
tube. Make sure that the emitter 
follower is properly isolated with dc 
blocking capacitors as any dc voltage on 
the filter transducers will damage them 
(the filter switch has shorting contacts, 
so any voltage on the switch may dam-
age adjacent filters as well). However, if 
you follow the c i r c u i t shown in fig. 1, 
which is completely isolated, you will 
have no difficulties. 

Installation of the filter in 75S3B 
and later model S-line receivers requires 
only a length of number-20 (0.8mm) 
tinned bus wire, a lockwasher, and a 
4-40 nut. The filter is installed below 
the chassis, on one side of the filter 
shield compartment, as shown in fig. 2 
* T h e C o l l i n s 3 0 0 - H z c r y s t a l f i l ters , 
X 4 5 5 K F 3 0 0 , with data sheets, are available 
from Gary Fertik, W 1 E B C , 40 Pilgrim Trail, 
W o o d b u r y , Connecticut 06798. Price is 
$49.95, postpaid. 

t X F 4 5 5 K F 3 0 0 fitters, Collins part number 
526-7073-010. Other Collins crystal filters 
with the same generic nomenclature but with 
different part numbers are designed for 20k 
terminations; some require external capaci-
tors. Although the filter described here is the 
most common, check the data sheet which 
comes with your filter. 
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(installation suggested by WA80BG). 
Three holes are required: two for the 
electrical terminals and one for the 
mounting screw. Since these holes are 
below the chassis the filter installation 
does not deface the receiver.* The filter 
is symmetrical so either end may be 
used for the input or output. 

Collins 75A4 
Owners of Collins 75A4 receivers 

should be particularly interested in the 
300-Hz crystal filter as the narrowest 
bandwidth filter designed specifically 
for this receiver has a 3-dB bandwidth 
of 500 Hz, and these filters are very 
difficult to find on the open market. Al-
though there are two methods of install-
ing the 300-Hz crystal filter in the 
75A4, the installation shown in the 
photograph is recommended because it 
provides maximum isolation between 
the input and output (this same method 
is also recommended for Collins type-FA 
mechanical filters). 

Turn the 75A4 upside down on your 
bench (front panel forward) and remove 
the bottom cover. The three filter 
sockets are in the front right-hand 
corner next to the selectivity switch. 
The crystal filter is installed in the 
shield which crosses the three filter 
sockets. Two 1-inch (25mm) deep slots 
must be cut in the shield as shown in 
fig. 3. Use sharp tin snips and place rags 
underneath the work area on both sides 

0*t05V 

OUTPUT 

m 
fig. 1. Emitter-follower circuit which provides 
correct source impedance for the crystal filter 
and minimizes circuit loss. Most general-
purpose npn transistors may be substituted in 
the circuit. 

of the shield to catch any debris. After 
cutting the slots, bend the tab toward 
the rear of the receiver so it forms a 
90-degree angle with the shield. A hole 
for the filter mounting screw is drilled 
in the center of the tab, % inch (6mm) 

fig. 2. Installation of the Collins X 4 5 S K F 3 0 0 
crystal filter in S-line receivers. 

from the end (the threaded stud on the 
other end of the filter is not used). 

After the tab is finished, temporarily 
set the filter in place to check for clear-
ance between the top of the filter and 
the bottom cover of the receiver (if you 
follow the dimensions shown in fig. 3, 
the top of the filter should be approxi-
mately flush with the top of the shield). 

Locate the input and output wires to 
filter socket A (underneath switch S2) 
and their respective connection points 
on the switch wafers (note that one of 
the wires is grounded). Remove the two 
100-pF resonating capacitors. Install the 
emitter follower circuit shown in fig. 1 
between switch S2 and the crystal filter. 
The emitter follower common is con-

*ln some Collins 75S3B receivers there is suf-
ficient clearance under the filter shield on the 
top of the chassis that the crystal filter can be 
installed in the existing crystal-filter sockets. 
Although the terminals of the X 4 5 5 K F 3 0 0 
will not fit the sockets, short lengths of no. 
20 (0.8mm) wire can be soldered to the filter 
terminals and plugged into the sockets. 
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nected to the grounded terminal on the 
rear wafer of S2; the input coupling 
capacitor, C1, is connected to the other 
switch terminal which goes to filter 
socket A. Install two short lengths of 
number 20 (0.8mm) bus wire to each of 
the connection points on the front 
wafer of switch S2. (If you don't want 
to include the emitter follower, connect 
bus wires to the rear wafer as well.) 

Connect a 2200-ohm resistor across 
the output terminals of the crystal filter 
and install the filter on the mounting 
tab using a lockwasher and 4-40 nut. 
Wire in the emitter follower and solder 
the two bus wires to the output ter-
minals. Total installation time should be 
two hours or less. 

Since you have the bottom of the re-
ceiver open, this is a good time to apply 
some contact cleaner (such as GC Elec-
tronics Tuner/ube) to each of the switch 
contacts. It's also a good idea to dab 
some silicone grease on the switch de-
tent mechanisms. If your 75A4 is like 
most, the only lubrication the receiver 
has ever seen was applied at the factory, 
and that's pretty well dried up. A little 
switch care now may save an expensive 
replacement problem later. 

3' 
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fig. 4. Crystal filter installation in the Collins 
75A4 receiver. The emitter follower is on the 
small circuit board to the left. 

fig. 3. Collins 7SA4 filter shield, showing 
modif ications required for installing the 
crystal filter. Completed installation is shown 
in the photograph. 

An alternative method is to mount 
the crystal filter on a small L-shaped 
bracket which is attached to the chassis 
with the screw which holds the left-
hand end of the filter shield (next to the 
i-f gain control). In this case the filter 
connections are made to filter socket C. 
However, this method is not recom-
mended because the connecting wires 
are quite long and lowered input-output 
isolation degrades the high skirt selec-
tivity of which the filter is capable. 

operation 
If another mechanical filter is in-

stalled in filter socket A, it must be 
moved to socket B or C. Operation of 
the 75A4 with the sharp 300-Hz filter 
requires some practice to gain full ad-
vantage of its high skirt selectivity. The 
setting of the passband tuning control is 
quite critical and for best results should 
be set so that CW signals peak at a pitch 
of about 700 Hz. When you tune in a 
signal with a broader filter, set the main 
tuning for a 700-Hz note before switch-
ing the sharper 300-Hz filter into opera-
tion. If the signal is tuned for a higher 
or lower note (assuming the passband 
tuner is set for 700 Hz), the receiver 
must be retuned slightly to find the 
signal. With a little practice, you'll find 
that the narrow bandwidth and high 
skirt selectivity of this filter do an excel-
lent job of cutting interference or dig-
ging into the noise for weak signals. 

ham radio 
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comments 

touch-tone decoder 
circuit boards 
Dear HR: 

Due to the rather large response to 
my article on Touch-Tone decoders 
which appeared in the December, 1974, 
issue of ham radio, I have decided to 
offer printed-circuit boards for sale to 
those individuals who might want them. 
I am also putting together some kits for 
those builders who have a hard time 
finding all the necessary components. 
All the parts and materials are top qual-
ity, commercial grade and ICs will be 
pre tested to ensure performance. A set 
of boards is $12.95, and a kit, including 
boards and toroids, is $37.50. 

John F. Connors, W6AYZ 
Electromedics 

3295 Brookdale Drive 
Santa Clara, California 95051 

ssb transceiver 
Dear HR: 

A small number of the transceivers 
built from the ssb transceiver article in 
the August, 1974, issue of ham radio 
suffer from apparent age instability. The 
symptoms are generally motor-boating 
at certain signal levels. 

The problem is not, in fact, due to 
the age but to instability caused by i-f 
feedback through the unused trans-
mitter section of the circuit. It may 
easily be cured by connecting a single 
0.1 -fx? capacitor with low rf resistance 
between the transmitter section power 

supply line and ground (as near as possi-
ble to the SL610C amplifier). Installing 
this capacitor does not remove the ne-
cessity of grounding the transmitter 
power line during reception and vice 
versa. 

I apologize to anyone who has been 
inconvenienced by this fault, but the 
majority of these transceivers are not 
affected and the problem has only re-
cently been brought to my attention. 

Brian D. Comer, G3ZVC 
Plessey Semiconductors 

quadrature-phased 
local oscillator 
Dear HR: 

I have been following the articles 
concerning direct-conversion receivers 
and find the communication between 
Madey and Shubert regarding the Phase 
II receiver in the June, 1974 comments 

SYMtTRICiL CLOCK 

CLOCK 

ASYMETRICAL CLOCK 

CLOCK 

COUNT SCODEUCE FS -
O 

fig. 1. Waveform of the quadrature-phased 
local oscillator, showing independence of 
local-oscillator quadrature on clock-period 
a s y m m e t r y . A symmet ry of negative-going 
transitions would imply gross frequency in-
stability. 
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+5V + 5V + 5 V 

section most interesting. The diagram of 
a quadrature-phased local oscillator 
have been working on for use in a 3.5 
to 4-MHz receiver is shown in fig. 2. 
As the timing diagram (fig. 1) demon-
strates, the design is free of asymmetry 
errors since it is responsive to the 
negative-going transition of the clock 
waveform, and the clock may exhibit 
any periodicity it wishes, within device 
limitations. The circuit was intended for 
use with MC1496-type product detec-
tors and has provision for switching the 
phase of the local oscillator to effect 
sideband reversal rather than performing 
the task at audio and having to accept a 
compromise in unwanted sideband re-
jection. 

Douglas K. Beck, K6ZX 
Sunnyvale, California 94086 

Collins 75A4 mods 
Dear HR: 

Recently, when the avc failed in my 
Collins 75A4, the usual changing of 
tubes had no effect. Actually, a small 
amount of avc action remained — the 
S-meter needle rose slightly off zero 
with very strong signals. The trouble 
proved to be R86, a 39k resistor. Both 
R86 and R87 had suffered severe over-
heating — R86 had changed in value 

from 39k to approximately 3k, causing 
overheating of R87 and eventual failure 
of the avc. 

My 75A4 manual lists R86 as a 
half-watt resistor. However, a friend has 
a later 75A4 manual, and it shows a 
rating of one watt (the serial number of 
my receiver is in the 2500 series). If you 
experience avc failure in your 75A4, 
first check R86 and, if you're working 
on the receiver anyway, make sure that 
R86 is a one-watt resistor. 

Incidentally, I cannot recommend 
too highly the 75A4 mixer mods de-
scribed by W6Z0 in ham notebook. I 
installed them over a year ago and have 
been extremely pleased with the results. 
I also changed the first rf amplifier from 
a 6DC6 to a 6GM6 as recommended by 
W2VCZ, and recommend that, too, as it 
increases gain and sensitivity. However, 
I would not plug in the 6GM6 without 
first installing the W6ZO mixer modifi-
cations. 

Bob Locher, W9KNI 
Deerfield, Illinois 60015 
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Heath HM-2102 
wattmeter mods 
Dear HR: 

With reference to the item on the 
Heath HM-2102 wattmeter by VE6RF,* 
the following additional information 
might also be of some interest. I t was 
interesting to read how one amateur 
solved the problem of calibrating his 
Heath HM-2102 below an swr of 1.5:1. 
In my case the problem was solved in a 
slightly different manner. 

In my initial calibration, using a Bird 
Termaline wattmeter, the minimum swr 
null was about 1.3:1. This was within 
the specified limits called for in the 
Heath instruction manual and, for all 
practical purposes, should have sufficed. 
However, in actual tests erroneous read-
ings were obtained, often below the 
1.3:1 reference level. An inspection of 
the schematic shows that C3 in series 
with C4 (the trimmer) wil l produce a 
capacitance of 1.99 to 5.56 pF. The 
total capacitance would then have to be 
changed to either a value lower than 
1.99 pF, or higher than 5.56 pF. A 2 pF 
capacitor placed across C3 showed that 
the null could not be brought down to 
less than 2:1. Obviously the total capa-
citance of C3 and C4 had to be de-
creased instead of increased. 

Cutting the long lead from C3 to the 
circuit board and inserting several values 
of capacitance in series with C3 showed 
an immediate improvement in the null. 
In my case a 10 pF capacitor brought 
the null down to a 1:1 swr. The total 
range of all three capacitors in series is 
now 1.66 to 3.57 pF. Replacing C3 wi th 
a capacitor of about 4 pF would prob-
ably have produced the same results. 
Since the capacitors in this circuit form 
an ac voltage-divider network, changes 
in this circuit wi l l also affect the watt-
meter reading so the wattmeter wi l l also 
have to be recalibrated. 

*R Fransen, V E 6 R F , "Better Balancing of the 
Heath HM-2102 Wattmeter," ham radio, Jan-
uary, 1975, page 56. 

In my case no thought was given to 
changing capacitor C16 since this ap-
pears to be a bypass for frequencies 
outside the desired range of 50 to 160 
MHz. Changes here could influence the 
sensitivity of the bridge and may even 
bypass energy at the wanted frequencies. 

In addition to the above, I found two 
other slight modifications to be useful. 
The first concerns wattmeter calibra-
tion. According to the instruction man-
ual, power calibration is performed with 
the wattmeter in the 25-watt range; no 
provision is made for calibrating in the 
250 watt range. However, after calibrat-
ing the wattmeter on the low range 
using 20 watts of power, switching to 
the high range showed a meter reading 
of about 16 watts. An examination of 
the schematic shows that if R8, a 68k 
resistor, is replaced by a fixed resistor 
and potentiometer in series, a second 
calibration can be made on the 250-watt 
range which is quite accurate. In my 
case R8 was replaced by a 51k, 1/4-watt 
fixed resistor in series with a small 25k 
potentiometer. 

The last modification was for con-
venience more than anything else. In 
order to locate the remote chassis closer 
to the coax feedline, the short piece of 
five-conductor cable supplied with the 
kit was replaced with similar cable 
about 6-feet (1.8m) long. One end of 
the cable was connected inside the 
cabinet in accordance wi th the instruc-
tions, but the other end was terminated 
in a small five-pin plug instead of being 
connec ted direct ly to the remote 
chassis. A matching five-pin socket was 
mounted on the chassis of f to one side 
of coax connector A. Short leads were 
then run from the circuit board to the 
five-pin socket. To prevent rf from 
reaching the indicator unit through the 
cable, the ferrite beads supplied with 
the kit were mounted at the socket 
instead of on the circuit board. Now the 
indicator unit and remote chassis can be 
easily separated. 

B. T. Ring, K3VNR 
Riverdale, Maryland 
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f i g . 1. Character ist ic impedance of the 
quarter-wavelength transformer is equal to the 
geometric mean of the impedances being 
matched. 

tebook 

non-synchronous 
impedance transformer 

In matching one impedance level to 
another, as in antenna work, the usual 
device is a quarter-wavelength trans-
former section whose characteristic im-
pedance is the geometric mean of the 
two impedances to be matched {fig. 1). 
When it is necessary to match one trans-
mission line to another, and particularly 
in coaxial line applications, obtaining a 
length of line of the proper intermediate 
characteristic impedance may present a 
major problem. 

The non-synchronous transformer 
shown in fig. 2 offers a way out of this 
dilemma. It is composed of two abbrevi-
ated lengths of transmission line of the 
same characteristic impedances as the 
impedances being matched. The pro-
curement problem is therefore greatly 
simplified. As indicated in fig. 2, the 

transformer section length can be seen 
to vary according to the impedance 
ratio. For example, if a 2:1 impedance 
transformation ratio is required, each 
section of the transformer would be 28° 
8', making the total length about 56% 
degrees, or in terms of wavelength, 
0.156 X. 

It must be pointed out that the 
non-synchronous transformer is not al-

2, I 

-A 

360 

fig. 2, T h e non-synchronous transformer con-
sists of two lengths of transmission line of the 
same characteristic impedance as the impe-
dances being matched, with length varying 
according to the impedance ratio. 

ways interchangeable with the quarter-
wavelength version. The quarter-
wavelength transformer will match an 
infinite number of impedance pairs, as 
long as their geometric mean is equal to 
the characteristic impedance of the 
transformer. The non-synchronous 
transformer, on the other hand, will 
match only the impedance pair for 
which ft was designed. Within these 
limits, however, the non-synchronous 
transformer compares very favorably in 
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b a n d w i d t h as we l l as impedance-
matching characteristics, and should 
f i n d r eady app l i ca t i on in coaxial 
impedance-matching networks. 

Henry Keen, W5TRS 

drilling aluminum 
The fol lowing hint for work ing with 

aluminum, which may not be common 
knowledge, was given to me by ham 
friends in Portugal: apply a drop or two 
of alcohol when dri l l ing aluminum. It 
not only makes the work easier but re-
sults in a much cleaner cut. 

Ralph Cabanillas, Jr., W6IL 

metric conversions for 
screw and wire sizes 

Here's a conversion chart you can use 
for plugging in metric values for ma-
chine screws and wire sizes. Ham radio 
art ic les have been including metric 
equivalents for dimensions of physical 
quantities such as area, length, mass, 
temperature, and volume. We have 
wanted to include metric equivalents for 
machine screws and wire but have only 
recently been able to obtain equivalent 
data for this hardware from the Inter-
national Standards Organization (ISO). 
The ISO standard has not yet been 
adopted by all countries, but these 

table 1. Thread conversion, American to metric. 

nearest 
American metric 
standard standard 

0 - 8 0 M l . 6 
1 - 6 4 M l . 8 
2 - 5 6 M2 

3 - 4 8 or 3 - 5 6 M 2 . 5 
4 - 4 0 M3 
6 - 3 2 M 3 . 5 
8 - 3 2 M4 

1 0 - 2 4 or 1 0 - 3 2 M5 
1 2 - 2 4 or 1 2 - 2 8 M6 

1 / 4 - 2 0 M7 
3 / 8 - 1 6 M 1 0 

7 / 1 6 - 1 4 M 1 2 
1 / 2 - 1 2 M12 

table 2. Wire-size conversion, Amercian (AWG) 
to metric. 

nearest 
American metric 
standard standard 
(AWG) (mm) 

2 6 . 5 
4 5 . 2 
6 4 . 1 
8 3 . 3 

10 2 . 6 
12 2 . 1 
1 4 1 .6 
1 6 1 . 3 
18 1 .0 
2 0 0 . 8 
2 2 0 . 6 
2 4 0 . 5 
2 6 0 . 4 
2 8 0 . 3 
3 0 0 . 2 5 
32 0 . 2 

tables wi l l at least give overseas readers 
an idea of what size the author specified 
in the nearest metric standard. 

Jim Fisk, W1DTY 

short circuit 
In D J 2 L R ' s e x c e l l e n t article on 

crystal oscillators in the June, 1975, 
issue of ham radio, there was an error in 
fig. 5 (10k pot incorrectly shown). The 
correct schematic is presented below. 

• i f TO 22V 
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low-voltage, 
high-current 
power supplies 

High-current power supplies are an 
absolute requirement in commercial 
two-way radio shops and are now on the 
verge of becoming a requirement in the 
ham shack. Most of the new solid-state 
equipment being released for the ama-
teur market is designed for 12-volt oper-
ation, either mobile or from a fixed sta-
tion 12 Vdc supply. The 12-volt ac sup-
ply has been a problem in the past be-
cause well-regulated, high-current sup-
plies tend to be complex and expensive 
to build while commercially available 
supplies are even more expensive and 
are frequently in short supply. VHF 
Engineering has recently announced two 
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inexpensive solid-state 12 Vdc power 
supply kits which are simple to build 
and can be used in either commercial or 
amateur applications. Two models are 
available, the PS12C for 12 amps, and 
the PS24C for 24 amps. 

The circuit for both power supplies 
consists of a full-wave dc current source 
feeding a capacitive filter network and 
an IC voltage regulator. The IC regulator 
controls a set of pass transistors and 
keeps the output voltage consistent to 
within 2% over a load range of from 
zero to 20 amps (zero to 10 amps in the 
PS12). Large heat sinks are provided to 
dissipate the heat produced by the pass 
transistors. The 12-amp supply is rated 
at 10 amps continuous or 12 amps for 
50% intermittent duty. The 24-amp sup-
ply is rated at 20 amps continuous or 24 
amps for 50% intermittent duty. Cur-
rent limiting prevents damage to the 
supply in the case of an accidental short 
circuit. The output voltage of both sup-
plies may be adjusted over a nominal 
range from 12 to 15 volts. The supplies 
may be used as general purpose, variable 
voltage supplies by replacing the voltage 
controlling resistor with a 10k poten-
tiometer. 

The VHF Engineering high-current 
power supply kits are complete with all 
parts, computer grade capacitor, epoxy 
glass circuit boards, styled case, and 
complete instructions. Average con-
struction time is one evening or less. 
The 12-amp supply kit, model PS12C, is 
priced at $69.95 ($85.95 wired and 
tested). The 24-amp supply kit, model 
PS24C, is $99.95 ($114.95 wired and 
tested). For more information, write to 
VHF Engineering, 320 Water Street, 
Binghamton, New York, 13902, or use 
check-off on page 110. 
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scientific calculator 

The new six-ounce HP-21 from 
Hewlett-Packard is the smallest and low-
est priced model in HP's line, and is 
designed primarily for scientists, engi-
neers and students. The HP-21 has all of 
the trigonometric and logarithmic func-
tions of the HP-35. In addition, the user 
can calculate in either degrees or radi-
ans; convert from polar to rectangular 
coordinates and vice versa; format and 
round the display in either fixed or 
scientific notation; and perform register 
arithmetic (+, - , X, -r) with the contents 
of the HP-21's single addressable 
memory. 

The new calculator has five fewer 
keys (30) than other HP pocket models, 
but since several keys serve dual func-
tions, the HP-21 is able to perform more 
funct ions and operations than the 
HP-35. Like other HP pocket calcula-
tors, the HP-21 features the company's 
RPN logic system with a four-memory 
stack that holds intermediate answers 
and automatically brings them back 
when needed in a calculation. 

The HP-21 comes with an owner's 
handbook, soft carrying case and an ac 
adapter/recharger that allows the calcu-
lator to be operated on ac while its 
batteries are recharging. Optional acces-
sories include a security cradle and a 
reserve power pack {with batteries). The 
HP-21 wi l l be sold through leading col-

send 
for 

your 

copy 
now!!! 

In it you'll find hundreds of quality 
consumer electronic products. 
Amateur radios, CB radios, scanners, 
antennas, masts, towers, rotors, 
tools, components, electronic kits, 
technical books, test gear, digital 
watches, calculators, portable radios, 
televisions, microphones, speakers, 
audio equipment, high fidelity, stereo 
systems, tape recorders, and much, 
much more. If it's electronic and it's 
quality. TECO has it. 

WRITE FOR YOUR FREE COPY 
TODAY. 

TECD 
ELECTRONICS • 

P 0 Boi 1050 • Garland. Texas 75040 

USED HAM EQUIPMENT FOR SALE 
GOOD SELECTION AVAILABLE 

REASONABLE PRICES 
Walt Van Arsdale, K5SXO 

(214) 348-1560 aTECD 
E L E C T R O N I C S • 

P 0 Boi 1050 . Garland Teaas 75040 
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You're Ahead 
when mobile with a 

Larsen Kulrod® 
Gain Antenna 

• TOPS IN PERFORMANCE • 
• LOW SILHOUETTE GOOD LOOKS > 

• V.S.W.R. LESS THAN 1.3 TO 1 • 
• HANDLES FULL 200 WATTS • 

Larsen Kulrod V H F Antennas are the result 
of over 25 years of practical experience in the 
two-way radio field. They are rugged, reli-
able and built with infinite care to assure 
top performance. Models available to fit all 
standard mounts and for all popular ama-
teur V H F frequencies. Each is equipped with 
the exclusive Larsen Kulrod, your assurance 
of maximum efficiency and no loss of RF 
through heat. Comes complete with all in-
structions. Models for 2 meters deliver a full 3 
db gain over 1 /4 wave w h i p s . . . the 420 -440 
MHz and 440-460 MHz coll inears. . . 5 db 

gain and full 100 watts capability. 
Sold with a full money back guarantee . . . 
the most liberal in the mobile antenna field. 
Whether you work via repeater or simplex 
you deserve to have a Larsen Kulrod. Get 

full fact sheet and prices, today. 

fflKultad . . . 
a trademark of Lnficn Electronic* 

rsen Antennas 
11611 N.E. 50th Ave. P.O. Box 1686 

Vancouver, WA 9 8 6 6 3 
Phone 2 0 6 / 5 7 3 - 2 7 2 2 

lege bookstores and department stores, 
by direct mail and through HP's calcula-
tor sales force. For more information, 
use check-off on page 110. 

525-MHz 
uhf prescaler 

The new Pagel model 525 uhf pre-
scaler divides frequency by ten to ex-
tend the range of any 50 M H z or higher 
counter to the vhf and uhf bands. The 
unit also contains a 20 dB preamp for 
the unsealed 1 M H z to 5 0 M H z range to 
improve frequency counter sensitivity 
to 5 millivolts rms or better. Sensitivity 
is 50 m V rms at 5 0 0 M H z , and 30 rnV 
rms below 4 0 0 MHz . A through-line 
feature with an internal signal sampler 
can be used wi th transmitters up to 100 
wat ts (requires an external 50-ohm 
dummy load). This feature can be used 
to perform simultaneous power and fre-
quency measurements and is a great 
t ime saver. 

The model 525 operates from the 
117 Vac line or battery power (8 to 15 
volts) and may be used for portable or 
mobile use. Price is $ 1 5 9 . For more in-
formation, write to Pagel Electronics, 
6742-C Tampa Avenue, Reseda, Califor-
nia 91335, or use check-off on page 110. 

envelope detector 
The Modset recently introduced by 

David R. Corbin Manufacturing is an 
envelope detector which can be used 
with an oscilloscope to provide a clear, 
hum-free display of the transmitted 
audio waveform from ssb and a-m trans-
mitters. The Modset is built into a rug-
ged, machined aluminum box, and in-
cludes input and output impedance 
matching and an overload protection 
circuit. 

The Modset accepts any input signal 
from a few milliwatts to 25 watts peak 
power and operates over the frequency 
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range from 200 kHz to 30 MHz; to 50 
MHz with slight reduction in output 
level. Higher power levels can be moni-
tored by using a short whip antenna or 
probe instead of the 50-ohm direct 
coupling. Output level is 0.1 to 10 volts 
(relative to input power), dc reference 
plus recovered audio to 10 kHz. The 
unit is priced at $29.50. 

For more information, write to 
David R. Corbin Manufacturing, Post 
Office Box 44, North Bend, Oregon 
97459, or use check-off on page 110. 

keyer chip 
adds dash memory 

A companion to the 8043 keyer-on-
a-chip has been announced by Curtis 
Electro Devices. Called the 8044, this 
new cmos IC offers dash memory in 
addition to the features found on the 
8043. These are dot memory, dot, dash 
and space completion, instant start, key 
debouncing filters, iambic operation, in-
ternal sidetone, weight control and prac-
tically zero power dissipation. 

An exact pin-for-pin equivalent to 
the 8043, the 8044 yields a top per-
formance one-IC electronic keyer capa-
ble of running on 5 to 12 volt supplies. 
Usual power supply is a 9-volt transistor 
radio battery. The 8044 may be plugged 
into any keyer designed around the 
8043 such as that described in the April, 
1975, issue of ham radio. 

The keyer kits are offered. The 
8044-1 contains the 8044, a printed-

L @ W © @ § T 
m m t m 

NEW BIPOLAR MULTIMETER: 
AUTOMATIC POLARITY INDICATION 

Model ES 210K 
Displays Ohms, Volts or Amps in 5 ranges • 
V o l t a g e f r o m 100 M i c r o v o l t s to 500 V • R e s i s t -
ance from 100 Milliohms to 1 Megohm • Current 
from 100 Nano Amps to 1 Amp $ 8 0 . 0 0 Case 
included. (Optional probo SS.00), 

40 MHz DIGITAL FREQUENCY COUNTER: 
• Will not be damaged by high power transmission levels. 
1 Simple. 1 cable connection to transmitter's output. 

ES 220K - Line frequency time base. 

1 KHz resolution . . . 5 digit: $79.50. Case extra: SIO.OO 

ES 221K - Crystal time base. 
100 He resolution . . 6 (IHJI; $109.50 Case extra: SIO.OO 

DIGITAL CLOCK: 

ES 112K/124K • 12 hour or 24 hour clock. S46.95. 
Case extra: Metal S7.50 

CRYSTAL TIME BASE: 
ES 201K - Opt. addition to ES 112K, 124K or 500K 

Mounts on board. Accurate to ,002% . . . . S25.00 

I.D. REMINDER: 
ES 200K - Reminds operator that 9minutes and 45seconds 

have passed. Mounts on ES 112 or 124 board. Silent LEO 
Hash: S10.95, Optional audio alarm S4 extra. 

SPECIAL OFFER: Ask about our 
unique Clock Kit Special. Prices as 
low as $20.00! 
Each kit contains complete parts list with all parts, schematic illustrations 
and easy to lollow. step by step instructions. No special tools requited. 

m ORDER YOURS TODAY: 
Use your Mastercharge or 
Bankamericard 
Money Back Guarantee 

505V? Centtnela • Inglewood, Ca. 90302 • (213) 674-3021 
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NEW! NEW! 
NEW! 

DELUXE P.C. KEYER 

The keyeryou can't afford 
not to buy! 

In either a 5 volt TTL or a 9 volt C-MOS 
version this new module type IC keyer can 
be easily adapted to your own custom 
package or equipment. 

Versatile controls allow wide character 
weight variation, speeds from 5 to 50 
w.p.m. plus volume and tone control. 

Solid-state output switching saves 
power, eliminates all those annoying relay 
problems and is compatible with both 
grid block and solid-state circuitry. 

With its side-tone monitor and 90 day 
warranty the Data Signal PC Keyer is the 
one for you. 

TTL Key«r Wired $19.95 
Kit $14.95 

C-MOS Keyer Wired $24.95 
Kit $19.95 

DELUXE RECEIVER PREAMPS 
Specially made for both OLD and NEW receivers. 
The smallest and most powerful single and dual 
stage preamps available. Bring in the weakest 
signals with a Oata Preamp. 

F R E 0 , DELUXE PREAMPLIFIER 
I M H l ) use STAGES ;AIN DB N F d B K I T WIRED 

HICK s i N r . i r 2 5 2 5 1 0 5 0 $ 1 3 5 0 
1 4 . 2 1 or 2 8 FRE0 DOUBLE 4 8 2 $ 2 0 50 5 2 6 5 0 

OSCAR SINGLE 2 5 2 $ 1 2 . 5 0 $ 1 5 5 0 
28 to 3 0 SPECIAL DOUBLE 4 8 2 5 2 4 50 $ 3 0 5 0 

SINGLE 2 5 2 $ 1 0 5 0 $ 1 3 50 
50 lo 54 6 METER DOUBLE 4B 2 $20 50 f i b 50 

VHF SINGLE 20 2 5 $ 150 $ 1 2 5 0 
IBS u 144 AIRCRAFT 00UBLE < 0 2 5 518 50 $24 50 

SINGLE 2 0 2 5 $ 9 5 0 $12 50 
1J5 10 139 S A T E L L I T E D O U B L E 4 0 2 5 $ 1 8 50 $ 2 4 5 0 

SINGLE » 2 5 $ 9 50 $ 1 2 5 0 
1 (4 t o 1 4 8 2 M E T E R D O U B L E 40 2 5 S I B 5 0 $24 50 

S I N G L E 2 0 2 5 $ 9 SO $ 1 2 50 
l « i to 1 7 4 H I G H B A N D D O U B L E 40 2 5 $18 5 0 $ 2 4 5 0 

S I N G L E IB 2 5 $ 9 5 0 $ 1 2 5 0 
2 2 0 to 2 2 5 I V . METER D O U B L E 35 2 5 $ 1 8 50 $24 50 

1 J H F S I N G L E I S 2 5 S 9 5 0 $ 1 2 50 
2 2 5 to 300 AIRCRAFT D O U B L E 30 2 5 $ 1 B 5 0 524 50 

I i h r a 30 l i r B R O A D B A N D 1 9 - 3 4 3 - $ 1 7 9 5 

Write today for complete details 

Data Signal, Inc. 
Successor to Data Engineering. Inc. 

2212 PALMYRA ROAD, ALBANY. GA. 31701 
912-4351764 

circuit card, a socket and instruction 
manual. The 8044-2 kit contains the 
foregoing plus the parts necessary to 
complete a deluxe keyer exclusive of 
chassis, jacks, switches, speaker and 
knobs. This keyer will key ±300 volts at 
200 mA. The 8044 is priced at $24.95, 
the 8044-1 kit at $32.95 and the 8044-2 
is $57.95. Like the 8043, the 8044 
carries a lifetime guarantee. 

F o r further information, contact 
C u r t i s Electro Devices, Box 4090, 
Mountain View, California 94040, or 
use check-off on page 110. 

essential formulae for 
electronic and 
electrical engineers 

This new book by Noel M. Morris 
provides all of the essential electrical 
and electronic formulas required by stu-
dents, technicians and professional en-
gineers. The rapid growth of electronics 
technology has made it practically im-
possible to memorize all the formulas 
which are required. This book contains 
all the basic equations in the fields of 
electronics, electrical engineering, con-
trol systems, measurements, logic, tele-
communications and mathematics. Sec-
tions include electrostatics and electro-
magnetism, complex numbers, ac and dc 
circuits, transients, amplifiers and oscil-
lators, modulation and transmission 
lines. The SI system of units is used 
throughout. 

This book assumes that the reader is 
familiar with each of the formulas, so it 
does not provide any typical examples 
or information describing how to use 
them. However, for the serious worker 
who frequently needs this information, 
this valuable book provides it all in one 
place. 26 pages, softbound, 8%x11'/2 
inches, $2.95 from Halstead Press, a 
Division of John Wiley & Sons, 605 
Third Avenue, New York, New York 
10016. 
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tracking voltage 
regulators 

Three new dual tracking voltage regu-
la to r ICs are now available f rom 
Nat ional Semiconductor. Called the 
LM125, LM126 and LM127 {LM325, 
LM326 and LM327 for commercial tem-
perature range), the regulators are de-
signed to provide balanced positive and 
negative output voltages at currents up 
to 100 milliamps. Input voltage can be 
as high as ±30 volts, and there is a 
provision for external adjustable current 
limiting. 

The LM125 provides tracking out-
puts of ±15 volts making it ideal for op 
amp power supplies. It features output 
voltages balanced to within 1% and line 
and load regulation of 0.06%. The 
LM126 provides ±12 volt outputs bal-
anced to wi th in 1% and features line 
and load regulation of 0.08%, while the 
LM127 has +5 and - 1 2 volt outputs 
which are compatible with most mos 
circuits. 

For more in fo rmat ion , contact 
National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, 
California 95051, or use check-off on 
page 110. 

stepped drill bit 

The Un ib i t , ^ a versatile single f lute 
step dril l that does the work of thirteen 
conventional twist drill bits, is now 
available. The first Unibit model, de-
signed t o f i t any t h ree - j awed Va" 
(6.5mm) chuck, is intended primarily 
for use wi th hand-held electric drills. It 
has a starting diameter of 1 /8" (3mm) 
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"STANDARD* 
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permanently 
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ALUMINUM 
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YOUR ANTENNA 

IS PUTTING 
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EXPECT.; . 
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ALUMINUM 
Self-Supporting 

Easy to Assemble 
and Erect 

All towers mounted 
on hinged bases 

, Complete Telescoping 
land Fold-Over 
[Series iV^able 

And now, with motorized options, you 
can crank it up or down, or fold it 
over, from the operating position in 
the house. 
Write for 12 page brochure giving doz-
ens of combinations of height, weight 
and wind load. 

ALSO TOWERS FOR WINDMILLS 

H E I G H T S 
MANUFACTURING CO. 
In Almont Heights Industrial Park 

Almont, Michigan 48003 
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N E W -
KEYBOARD and 
ENCODER KIT 

* 53 Keys 
* One Chip MOS Encoder 
* Upper and Lower Case 
* Standard ASCII Output 
* Two Key Lockout 

We are happy to announce a new addition to 
our keyboard and encoder line. Our new K 8 D -
3 uses a one chip MOS encoder system to give 
you maximum possible features with a mini-
mum number of parts. 

This keyboard produces a standard A S C I I 
coded output that is compatible with T T L , 
D T L , R T L and MOS logic systems. Y o u have 
the option of wiring the kit for normal type-
writer style output in both upper and lower 
case letter, or all upper case format. Al l com-
mon machine control commands such as "line 
feed", "return", "control", etc. are provided 
on the keyboard. Four uncommitted or extra 
keys are available for your specific use re-
quirements. T w o of these have isolated output 
lines to the connector lor special functions 
such as "here is". 

Keyswitches are standard, full travel style 
with gold plated contacts for long troublefree 
service. Requires +5 Volts and -12 Volts. 

KBD-3 Keyboard and Encoder Kit $49.50 ppd 

SOUTHWEST TECHNICAL 

PRODUCTS CORP. 

219 W. Rhapsody Dept. HR 

San Antonio, Texas 78216 

and each of twelve succeeding steps 
removes material in 1/32" (0.8mm) in-
crements up to 1/2" (12.5mm) dia-
meter. Each step penetrates material up 
to 1/8" (3mm) thick. 

The Unibit is made of industrial 
grade high-speed steel, heat treated and 
tempered to assure maximum strength 
for long wearing, rugged use. It exhibits 
superior characteristics when drilling 
thinner gauges of sheet metals such as 
steel, copper, brass and aluminum as 
well as most plastics and wood. Starting 
a hole with the Unibit is a snap because 
its single flute design eliminates skidding 
and the need for center punching. Chat-
ter and vibration are also kept to a 
minimum. Its design geometry also 
helps prevent the Unibit from penetrat-
ing softer material too fast and 
"hogging-in." 

Many other operations, considered 
difficult with conventional twist drills, 
can be conveniently accomplished using 
the Unibit. Its unique cutting edge angle 
automatically de-burrs a hole, eliminat-
ing a time consuming countersink tool 
change. The Unibit allows for sizing or 
aligning and reaming operations, drilling 
intersecting holes as well as enlarging a 
slot or a square into a round hole. In 
addition, the Unibit is available with a 
special non-slip key on its shank that 
prevents it, from spinning in the chuck. 

The newest Unibit drill, Model II, 
enables the drilling of eight round holes, 
sizes 9/16-inch (14.5mm) to one-inch 
(25.5mm), with a single bit. The Unibit 
II requires a starting diameter of 1/2-
inch (12.5mm) or larger and removes 
material in 1/16-inch (1.5mm) incre-
ments in eight steps. 

Designed for use with any 1/2-inch 
drill chuck, Unibit II works equally well 
with hand-held electric drills as well as 
drill press equipment. The Unibit II is 
made of industrial grade, high speed 
steel, heat treated and tempered to 
assure maximum strength for long wear-
ing use. It's patented design features a 
single flute to assure smooth penetra-
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tion of materials and, unlike conven-
tional twist drills, it is easily sharpened 
without special tools. Unibit II is ex-
tremely versatile and allows the user to 
perform many operations including 
intersecting holes, making round holes 
from slots, hole de-burring and a "hole-
opening" reamer. 

Unibit literature, information and 
prices are available by contacting the 
Unibit Corporation, Box 331, Depart-
ment 2, Wyoming, New York 14591, or 
by using check-off on page 110. 

how to use 
ic logic elements 

Just released and completely illus-
trated, this new book by Jack Streater is 
designed to help the engineer or techni-
cian who has not previously used or 
designed digital logic circuits meet the 
challenge of digital ICs in electronics. The 
practical problems and limitations of con-
necting IC logic elements into logic 
systems to accomplish the required result 
are thoroughly covered. 

The first two chapters cover binary, 
BCD, and decimal number systems and 
Boolean algebra with its applications to 
simple switching circuits. The next two 
chapters discuss gates and gate combina-
tions, and the following chapter explains 
bistable elements and their uses. Then the 
logic families (RTL, DTL, TTL, ECL, 
C T L or CML, MOS and diode logics) are 
discussed and compared. 

Another chapter is devoted to off-the-
shelf logic elements — breadboarding, 
testing, troubleshooting and locating 
sources of data on integrated circuits. The 
final chapter includes experiments to aid 
in understanding the operation of logic 
circuits. A glossary of digital terms has 
been included as an appendix. 

Soft cover, 160 pages, $4.50 from H R 
Books, Greenville, New Hampshire 
03048. 

NEW! HR-440 
12 Channel 

440 MHz FM Transceiver 

Delivers 10 Watts of Power 
and 12 Channel Capability 

You'll like the crystal clear transmit 
and receive performance of 

this compact 440 MHz unit . . . 
and so will those listening. 

Solid state design brings you 
the best in American Made 

circuitry. Features include 
Automatic Frequency Control and 

UHF power module. Frequency 
range is 420-450 MHz, with 0.5 MV 

tune-up sensitivity and 3 watts 
audio output. No need to worry 

about current drain, either. And 
all of this for the low, low price 

of only S 349'° 
Amateur Net 

e ^ C ^ ELECTRONICS, INC. 
7707 RECORDS STREET 

INDIANAPOLIS, INDIANA 46226 

An FM Model For Every Purpose... 
Every Purse 

HR-6 HRT-2 ACT LOHFL/U 
12 Channel-25 Wails 5 Channel Hand-Held 3 Band lO Channel 

( Meter FM Transceiver 2 Meter FM Transceiver FM Scanner Receiver 
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a second look fisk 

As more and more amateurs are dis-
covering, the commercial double-balanced 
mixer modules which are currently avail-
able are the clear choice when you are 
designing systems which require fre-
quency conversion. The advantages of us-
ing these devices (along with sample cir-
cuits) were outlined in ham radio as long 
ago as 1968, and more recently in the 
other amateur radio magazines. Although 
the double-balanced mixer offers low dis-
tort ion and high isolation, it suffers from 
fairly high conversion loss. While single-
balanced mixers offer lower conversion 
loss and can be built less expensively, 
they do not provide the low distortion 
and high isolation characteristics of the 
double-balanced design. 

Now, however, engineers at Hewlett-
Packard have developed a single-balanced 
mixer with isolation, distortion and con-
version-loss characteristics that equal or 
exceed those of some double-balanced 
mixers now on the market. Furthermore, 
the H-P printed-circuit balanced mixers, 
part number 5082-9200, are many times 
smaller (0.57" wide, 0.50" high). 

With local-oscillator injection in the 
range from 200 to 900 MHz, conversion 
loss of the H-P balanced mixer is about 
6.5 to 7.5 dB, a nearly 1 dB improvement 
over the performance of double-balanced 
circuits. In addition, isolation is 15 to 20 
dB higher, being 45 dB at 200 MHz and 
25 dB at 900 MHz. The maximum fre-
quency is specified at 1200 MHz although 
selected devices would very likely provide 
good performance on the 1296-MHz ama-
teur band. 

In terms of distortion, at a local-
oscillator level of +10 dBm (10 mW), the 
third-order intercept is typically +23 dBm 
and the 1 dB compression point occurs at 
+6 dBm. The second-order intercept is at 

+38 dBm, a roughly 10 dB improvement 
over c o n v e n t i o n a l double-balanced 
mixers. Although a filter must be added 
at some later stage to separate the rf and 
i-f signals, this is not a particular disad-
vantage in communications circuits be-
cause a selective i-f filter is usually placed 
in the circuit immediately after the fre-
quency-conversion stage. 

Although balanced mixers are never 
quite as good in practice as they are in 
theory because of circuit imbalances, the 
various mismatches often cancel each 
other to a large degree. To achieve high 
performance in the new H-P mixer engi-
neers further improved the matching, 
balancing and symmetry of the circuitry 
by removing the human element from the 
manufacturing process. The transformers, 
for example, are not wound by hand, but 
are etched on a printed-circuit board with 
spacing between windings controlled 
down to 0.001 inch (0.03mm). This tech-
nique also balances the parasitic capaci-
tances between windings. With hand 
winding these elements vary widely as 
does the overall balance of the circuit. 

Since diode matching is important in 
balancing a mixer, the H-P designers 
chose their own Schottky process because 
of its high yield of matched-diode pairs. 
With the carefully controlled printed-
circuit transformers and closely matched 
diodes, the result is a 1% matching in for-
ward voltages and a 0.1 pF capacitance 
match. 

Although priced at $11 in small quan-
tities, the cost of the H-P mixer drops to 
less than $2 each in production quanti-
ties, so it should see widespread use in 
commercial applications. 

Jim Fisk, W1DTY 
editor-in-chief 



presship 
THE GETTYSBURG LOG-JAM continues to plague both Amateurs and the FCC as Ama-

teur license applications now are taking up to 12 weeks for final action. This is 
true even after special efforts (HR Report, August 1) to dig out. Unfortunately, 
no Amateur tickets were processed while the attempt to catch up on CB applica-
tions was underway. 

Expansion Plans Provide Hope for the future. Included are a larger, faster 
computer and a 25% increase in personnel. Helping already are improved procedures 
and the new box numbers. Remember, address your Amateur applications to Box 1020, 
Gettysburg, Pennsylvania 17325. 

SIX-METER AMATEUR BAND may be in trouble according to Prose Walker's comments 
at the Texas VHF FM Society's convention. Prose seems to feel that there's a defi-
nite push on to add channel 1 to the VHF TV spectrum, and channel 1 is 6 meters! 

The Channel 1 agitation may be an offshoot of a proposal made earlier this year 
by a Dallas consulting firm in response to Docket 20264, which pertains to radio 
callbox systems in the 72-74 MHz range, suggesting that those four MHz be added 
to two MHz from the six-meter band to create a new TV channel. 

RTTY ENTHUSIASTS are warned that parts for Teletype Models 14, 15, 19 and 20 
are going to become harder to get in the near future. Teletype Corp. has an-
nounced they'll stop accepting orders for all replacement parts for those models 
on December 1, 1975, so better order your spares now. 

Questions Or Orders can go to Teletype, 5555 Touhy Avenue, Skokie, Illinois 
60076, Attn: R.A. Morton, Dept. 3121 - phone (312) 982-2168. Thanks to W8KAJ. 

AMSAT QSL BUREAU MANAGER WA1EHF has made a sudden move to California and plans 
to move the QSL bureau out there as soon as he has a permanent address. In the 
meantime, WA1EDX will be filling in the void for Dennis and the 288 Grand Street, 
Bridgeport, Connecticut 06604 address is still valid. 

Satellite Use for location of downed aircraft has been proposed, and AMSAT has 
been asked to participate in feasibility studies. Anyone interested — particu-
larly members in the mid-Atlantic (Washington) area — should contact AMSAT. 

OSCAR AND THE HAM, a new video tape copyrighted by the ARRL, has been released 
for viewing on local PBS stations. Anyone interested should contact their local 
station and request that they run it. 

Help Is Needed in making video tape copies. If you can give any assistance, 
please get in touch with ARRL Headquarters. 

"HOT" HAM GEAR does show up and it pays to be able to prove positive ownership 
when it does. WB9EB0 found his Standard 826 and synthesizer stolen from his home 
last spring for sale at Hamfesters' hamfest near Chicago, kept an eye on them 
while W9JZK called the Cook County Sheriff's Police for assistance. Gerry's call, 
electric pencilled inside the chassis, left the seller (a non-ham who had "bought 
them from some guy at another hamfest") without an argument. 

EUROPEAN BOUND U.S. HAMS should seriously consider taking along a hand-held 
tuned up for appropriate repeaters on the low end of two meters. W9JUV heard lots 
of activity in Germany and England on a tunable receiver during a two-week trip 
in August, and temporary operating permits for many parts of Europe are much 
easier to get than are their equivalents here. 

R. L. DRAKE COMPANY FOUNDER and president Bob Drake passed away July 28th 
after a long illness. Bob, W8CYE, founded the R.L. Drake Company in 1942 and was 
active in the successful business until recently. His son Peter has been elected 
president and promises to continue the traditions of this Amateur-oriented firm. 
No policy or personnel changes are anticipated in the near future. 

JOSEPH JOHNSON, W3GGO, has been named Chief, Rules and Legal Branch of the 
Amateur and Citizens Division of the FCC effective August 17. Joe replaces John 
Johnston, K3BNS. This is an important position and we are glad to again see an 
Amateur in this chair. 



receiver 
noise figure 

sensitivity and 
dynamic range — 

what the numbers mean 

A complete discussion 

of receiver sensitivity, 

intermodulation distortion, 

cross modulation 

and gain compression, 

and what they mean 

in terms of performance 

When it came to receivers, the earliest 
amateur operators were concerned pri-
ma r i I y with sensitivity and experi-
mented almost endlessly with different 
types of crystals, trying to find the one 
that was the most sensitive. Then came 
DeForest's Audion, and Armstrong's 
regenerative detector, and amateurs who 
could afford the tubes found they had 
all the sensitivity they could use. How-
ever, as the hjobby grew, and more and 
more amateurs started populating the 
band below 200 kHz, the simple re gen-
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erative detector simply wasn't up to the 
task. Selectivity, with simple tuned in-
put c i rcui ts , was practically non-
existent, and the regenerative detector 
hopelessly overloaded in the presence of 
strong signals. 

In the early 1920s amateurs worked 
to improve their tuners, but even the 
so-called "low-loss" tuners were only 
marginally acceptable. Although several 
superheterodyne designs were described 
in the amateur magazines, it wasn't until 
low-cost, commercial i-f transformers 
became available in the late twenties 
that the superhet saw widespread ama-
teur use. Selectivity against interfering 
signals was still a problem, however, and 
James Lamb revolutionized receiver de-
sign in 19321 with his "single-signal" 
CW circuit which used an i-f stage with 
extremely high selectivity - provided 
by regeneration or a simple crystal 
filter. 

The single-signal, single-conversion 
superhet of the late 1930s suffered from 
poor rf image response at the higher fre-
quencies, but it wasn't too severe on 14 
MHz and few amateur receivers of the 
day, in fact, tuned much above 18 or 20 
MHz (15 meters was not yet assigned to 
amateur use and most 10-meter opera-
tors used specialized receivers or con-
verters). When the 10- and 15-meter 
bands opened up after the war, how-
ever, the poor rf image response of the 
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s i ng l e - c onve r s i on superhet with a 
455-kHz i-f had to be faced — it was 
solved by going to a double-conversion 
layout with a first conversion to 2 or 3 
MHz to minimize rf image response, and 
a second conversion to 455 kHz or 
lower for adjacent channel selectivity. 

A l t h o u g h amateur radiotelephone 
operation in the 1930s was relatively 
limited, the huge growth of a-m activity 
after the war demanded improved adja-
cent-channel phone selectivity. While 
the c r y s t a l f i l t e r provided excellent 
selectivity for CW operation, it was of 
little or no use on a-m or ssb and some 
phone operators started using a Q5er -
an outboard 80-kHz i-f strip — for im-
proved phone selectivity. This led to the 
triple-conversion superhets which were 
the rage of the 1950s. 

As pointed out by Goodman,2 how-
ever, the multiple-conversion design had 
many shortcomings, including the large 
number of stages between the antenna 
and the high-selectivity i-f which made 
it practically impossible to attenuate 

I 2 3 4 5 10 20 30 40 » 100 
FREQUENCY {MHz} 

fig. t . Receiver sensitivity is limited by the 
external available noise power which varies 
with frequency. For quiet, rural locations gal-
actic noise is the limiting factor down to 
about IB MHz, and atmospheric noise domi-
nates below 18 MHz. 

strong, adjacent signals. And, with at 
least three oscillators running at the 
same time, it was diff icult to avoid the 
many spurious signals which were gener-
ated within the system. He advocated a 
return to the single-conversion superhet 
using highly-selective, high-frequency, 
crystal lattice filters which were just 
then becoming commercially available. 

The 1960s saw a return to single-
conversion designs, the use of high-
frequency, crystal-lattice filters and the 
widespread use of semiconductors. With 
modern devices receiver sensitivity was 
no longer limited by the rf amplifier (or 
mixer) stage, but by the external galac-
tic and man-made noise. Cross modula-
tion and overload, on the other hand, 
were becoming a serious problem as 
more and more amateurs started using 
high-power linears and large, directive 
antennas. Modern communications re-
ceivers, therefore, in addition to meet-
ing s t r i ngen t f requency accuracy, 
stability, sensitivity, and selectivity re-
quirements, must provide freedom from 
cross modulation, intermodulation dis-
tortion and blocking. Some modern, 
solid-state solutions to these design 
goals were d iscussed recently by 
Rohde.3 

The specifications for a typical mod-
ern communications receiver might list 
sensitivity of 0.5 juV for 10 dB signal-
plus-noise-to-noise (S+N/N) ratio, inter-
m o d u l a t i o n distortion of - 6 5 dB, 
"wide" dynamic range, and "virtual 
el imination" of overload from adjacent 
signals. 

However, is 0.5 f iV sensitivity for 10 
dB S+N/N adequate for operation on 
the high-frequency bands? For satellite 
communications on 10 meters? What is 
- 6 5 dB intermodulation distortion in 
terms of signal strength? "Wide dynamic 
range" and "virtual elimination of over-
load" are obviously advertising super-
latives without definition but what, 
exactly, can you expect from a high-
quality, modern receiver design? Perhaps, 
if these performance data were defined, 
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and amateurs understood what they 
meant, manufacturers would be encour-
aged to use no-nonsense numerical data. 
Only then can amateurs compare the 
dynamic range and cross-modulation 
performance of one receiver against that 
of another. 

sensitivity 
The min imum usable signal or sensi-

t iv i ty of a receiver is determined by the 
noise in the receiver output. This can be 
noise generated wi th in the receiver, 
thermal noise generated by losses in the 
transmission line, or atmospheric, man-
made or galactic noise picked up by the 
antenna. As shown in f ig. 1, external 
noise sources are likely to be the l imit-
ing factor up to 100 MHz or so.4 In 
urban areas man-made noise predomi-
nates and measurements indicate the 
average level of man-made noise in sub-
urban areas is about 16 dB lower. In a 
quiet, rural location which has been 
chosen w i th care the man-made noise 
may be near the galactic noise level, but 
few amateurs are so fortunate. 

Atmospheric noise usually predomi-
nates in quiet locations at frequencies 
below about 2 0 M H z and is produced by 
lightning discharges so the level depends 
upon a number of variables including 
frequency, weather, t ime of day, season 
and geographical location. This type of 
noise is particularly severe during rainy 
seasons near the equator and generally 
decreases at the higher latitudes. More 
complete data on high-frequency atmos-
pheric noise is given in reference 5. 

Galactic or cosmic noise is defined as 
rf noise caused by disturbances which 
originate outside the earth or its atmos-
phere. The primary causes of this noise, 
which extends f rom 15 MHz well into 
the microwave region, are the sun and a 
large number of noise sources distribu-
ted chiefly along the Mi lky Way. Solar 
noise can vary as much as 40 dB f rom 
"qu ie t " sun levels (low sunspot act ivi ty) 
t o periods of "d is turbed" sun (high sun-
spot activi ty). Galactic noise f rom the 

center of the Mi lky Way is about 1 0 d B 
below the noise f rom a "d is turbed" sun, 
whereas noise levels f rom other parts of 
the galaxy can be as much as 20 dB 
lower. This is important in satellite com-
munications and wi l l be discussed later. 

thermal noise 
The free electrons in any conductor 

are in continuous mot ion — mot ion that 
is completely random and is the result 
of thermal agitation. The effect of this 
electron mot ion is to cause minute volt-
ages which vary in a random manner to 
be developed across the terminals of the 
conductor. Since this phenomenon was 
first demonstrated by J. B. Johnson in 
1 9 2 8 , 6 thermal noise is sometimes 
known as Johnson noise. A t the same 
t ime, H. Nyquist showed, on the basis 
of the statistical theory of thermo-
dynamics, that the mean square noise 
voltage generated in any resistance can 
be expressed as 7 

e2 = 4kTBR (1) 
where e2 = mean square noise voltage 

k = Boltzmann's constant = 
1.38 X 10~ 2 3 joules/^K 

T = absolute temperature, °K 
B = bandwidth, Hz 
R = resistance, ohms 

Note that the noise voltage is dependent 
upon the bandwidth across which it is 
measured. This implies that noise is 
evenly distributed across all frequencies 
which, for all practical purposes, i t is.* 
Al though noise bandwidth is not pre-
cisely the same as the 3-dB bandwidth 
of a receiver, in modern receivers wi th 
high skirt selectivity the 3-dB band-
wid th can be used in eq. 1 w i th l i t t le 
error. 

The equivalent circuit of any impe-
dance as a source of noise voltage is 

* A t extremely high frequencies statistical 
mechanics is no longer valid, and eq. 1 must 
be revised on the basis of quantum theory. 
This equation is valid, however, to at least 
6000 GHz . 8 
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e„'t/4KTRB >RL*R 

fig. 2. Mean noise voltage depends on temper-
ature, resistance and bandwidth, and is com-
pletely independent of reactance as shown in 
(A). Maximum noise power is transferred to 
the load when the load resistance is matched 
to the source resistance (B). 

shown in fig. 2A. Note that the thermal 
noise voltage is dependent only on the 
resistive component and is independent 
of any reactance in the circuit. As might 
be expected, maximum noise power is 
transferred from a thermal noise source 
when the load impedance presents a 
conjugate match to the source impe-
dance. This is represented in fig. 2B 
where the load resistance, R u , is equal 
to the source resistance. Since R = R L , 
the noise voltage developed across the 
load is e/2, and from Ohm's law 

P E2 _ (e/2)2 _ e2 

Substituting the value of e2 from eq. 1 
into eq. 2, the power which can theoret-
ically be transferred under such condi-
tions is called the available noise power 
and is given by 

Pn = kTB (3) 

The factor of 4R has cancelled out so 
the available noise power does not de-
pend upon the value of the resistance. 
This is significant because it means that 
the available noise power of any resistor 
(or any noise source), if measured over 
the same bandwidth, can be represented 
by a resistor at temperature T. Thus, 
every noise source has an equivalent 
noise temperature. 

The actual noise power dissipated in 
the load resistance may be affected by 

loss in the connecting leads, noise power 
generated in the load resistor itself, or a 
less than perfect match to the original 
resistance. This property is sometimes 
used in low-noise uhf amplifiers by 
creating a deliberate (but carefully de-
termined) mismatch between the input 
termination and the detection device so 
that something less than the available 
termination noise power is coupled into 
the detector. 

signal-to-noise ratio 
and receiver noise figure 

The relation of signal amplitude to 
noise is commonly referred to as the 
signal-to-noise (S/N) ratio. Unfortu-
nately, this ratio has not been well 
standardized and is often used inter-
changeably to mean the ratio of rms sig-
nal voltage to rms noise voltage, the 
ratio of peak signal voltage to peak 
noise voltage and, in pulse systems, the 
ratio of peak signal power to average 
noise power. Therefore, when discussing 
S/N ratio, it's important to determine 
exactly which ratio is being referred to. 

Although the minimum discernible 
signal (MDS) that can be heard above 
the receiver noise level is sometimes 
used as an indication of receiver sensi-
tivity, it is extremely subjective because 
it differs many dB from measurement to 
measurement, and from one operator to 
another (some experienced weak-signal 
operators can detect signals as much as 
20 dB below the noise level while other 
operators may have difficulty discerning 
signals which are equal to the noise level).9 

Receiver sensitivity has also been de-
fined in terms of a signal-to-noise ratio 
of unity (signal equals noise)* or equiva-
lent noise floor, but this is difficult to 
measure unless you have a calibrated sig-
nal generator and a spectrum analyzer. 
Noise figure or noise factor, on the 

*This is sometimes erroneously referred to as 
tangential sensitivity. Tangential sensitivity, 
however, corresponds to a signal-to-noise ratio 
of 6.25 and is about 8 dB higher. 1 0 
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other hand, is less susceptible to mea-
surement errors than sensitivity and, 
since its introduction in 1944 by 
Friis,11 it has become the accepted fig-
ure of merit for receiver sensitivity. 
Noise figure, N F , is simply noise factor, 
jF, expressed in dB. 

NF = 10 log F (dB) (4) 

The concept of noise factor allows 
the sensitivity of any amplifier to be 
compared to an ideal (lossless and noise-
less) amplifier which has the same band-
width and input termination. As far as 
noise is concerned, that part of a re-
ceiver between the antenna and the out-
put of the i-f amplifier can be regarded 
as an amplifier. The fact that the mixer 
stage shifts the frequency of the noise 
does not change the situation — it 
merely causes the noise to lie in a differ-
ent place in the spectrum from the in-
put noise. The only exception is when 
the receiver has poor rf image rejection. 
In this case the noise figure of the re-
ceiver is 3 dB worse than it would be if 
the same receiver had good rf image re-
jection because the image noise appears 
at the output along with noise associ-
ated with the desired received fre-
quency. This effectively doubles the 
noise at the output of the i-f amplifier.* 

The noise factor, F, of a receiver is 
defined as 

S/N (ideal receiver) 
S/N (practical receiver) 

_ S i / N i 

~ S0IN0 <5) 

Sj = available signal input power 
Nj = available noise input power 
S0 = available signal output power 
N0= available noise output power 

Using this definition, it can be seen that 
an ideal receiver adds no noise to a sig-
nal so its output signal-to-noise ratio is 
the same as that at the input and the 
noise factor, F = 1. 
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SENSITIVITY (dBm) 

fig. 3. Receiver sensitivity ( -dBm) vs receiver 
noise figure and bandwidth for unity signal-
to-noise ratio (signal equals noise). Add 10 
dBm for a S/N ratio of 10 dB. Table 1 lists 
microvolt sensitivity for 50- and 75-ohm 
systems in terms of dBm sensitivity. 

Since the avai lable noise input 
power, N{ is defined as kTaB in eq. 3, 
and the power gain of the system, G ~ 
S0 /Si, eq. 5 can be rewritten as 

N 0 
F = GkT^ { e ) 

Where T0 is 290° kelvin (IEEE defini-
tion). With the receiver noise factor de-
fined in terms of noise output power, 
Na, power gain, G , and noise input 
power, kTaB, noise factor can be easily 
correlated to receiver sensitivity. Con-
sider the case where the output signal-
to-noise ratio, S0/N0, is unity 

S0=N0 

*The noise figure is always defined at the in-
put of the final detector (i-f output) because 
the noise output of a detector (but not of a 
mixer) is affected by the presence of a signal. 
An fm signal, for example, will suppress weak 
noise but will be suppressed itself by strong 
noise. 
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For this specialized case, eq. 6 can be 
rewritten 

table 1. Microvolt sensitivity vs dBm for matched 
50- and 75-ohm recefving systems. 

F = 
kT0B 

(7) 

When the temperature is 290 K and the 
bandwidth is in kHz, kT0B=4X l(t15 

mW per kHz. Rewriting eq. 7 in terms 
of dBm (dB referenced to 1 mW) 

Si= 10 log kT0 + 10 log B +NF <8) 

= -144 + 10 logBkHz +NF (dBm) 

This function is plotted graphically in fig. 
3 for bandwidths commonly found in 
amateur communications receivers. For 
example, assume a high-frequency receiver 
has an 8dB noise figure at 14.2 M H z and 
a bandwidth of 2.1 kHz. From eq. 8 or 
fig. 3 , the noise floor of the receiver at 
14.2 MHz is at about - 1 3 3 dBm. An in-
put signal of - 1 2 3 dBm (10 dB greater) 
would be required for a 10 dB S/N ratio. * 
To convert dBm to microvolts, recall that 

E = y/RP (9) 

where E is in volts, R is resistance in 
ohms and P is power in watts. Since 
- 1 2 3 dBm is 5.01 X 1 0 " 1 6 w a t t s , - 1 2 3 
dBm is equivalent to 0.16 /xV across a 
50-ohm input termination. However, for 
a matched signal source, as shown in fig. 
4, where the source resistance, Rs , is 
equal to the toad resistance, R L , the 
source voltage must be twice the voltage 
across R L because of the voltage-
dividing effect of the two series resistors 
in the network. For a matched 50-ohm 
source, therefore, an input signal of 
- 1 2 3 dBm requires a source voltage of 
0.32 (x\l. A chart of dBm vs microvolts 
for matched 50- and 75-ohm systems is 
presented in table 1. 

"This is the signal-to-noise ratio in ssb and CW 
reception. The S/N ratio of a-m and nbfm sig-
nals is somewhat less because a-m (and nbfm) 
detection use only the envelope as a useful 
output and the S/N ratio must be reduced by 
a factor which is related to percentage of 
modulation (or modulation index). 

AtV JUV MV MV 
dBm SO ohms 75 ohms dBm 50 ohms 75 ohms 
- 76 70.8 86.7 -211 1.26 1.54 
- 77 63 .2 77 A -112 1.12 1 .38 
- 78 56 .2 69 .1 - 1 1 3 1.00 1.23 
- 7 9 50 .2 61.5 -114 0 . 9 0 1 .09 
- 8 0 4 4 . 8 54 .9 -115 0 . 8 0 0 .97 

- 81 39 .8 48 .7 -116 0 .71 0 .87 
- 82 3 5 . 6 4 3 . 6 -117 0 . 6 3 0 .77 
- 8 3 3 1 . 6 38.7 -118 0 . 5 6 0 .69 
- 8 4 2 8 . 2 34 .5 -119 0 . 5 0 0 .62 
- 85 25 .2 30 .9 -120 0 .45 0 .55 
- 8 6 2 2 . 4 2 7 . 4 -121 0 . 4 0 0 .49 
- 87 2 0 . 0 24 .5 -122 0 . 3 6 0 . 4 4 
- 88 17.8 21 .8 -123 0 .32 0 .39 
- 8 9 15 .8 19 .4 -124 0 . 2 8 0 .35 
- 9 0 14.2 17.3 -125 0 .25 0 .31 
- 9 1 12 .6 15 .4 -126 0 .22 0 .27 
- 92 11.2 13.8 -127 0 . 2 0 0 .25 
- 9 3 1 0 . 0 12 .3 -128 0 . 1 8 0 .22 
- 9 4 9 .0 10.9 -129 0 . 1 6 0 .19 
- 95 8.0 9.7 - 1 3 0 0 . 1 4 0 .17 
- 9 6 7 .1 8.7 -131 0 . 1 3 0 .15 
- 97 6 . 3 7.7 -132 0.11 0 .14 
- 9 8 5 .6 6 .9 - 1 3 3 0 . 1 0 0 .12 
- 9 9 5.0 6.2 -134 0 . 0 9 0.11 
-100 4 . 5 5 .5 -135 0 .08 0 .10 
-101 4 .0 4 .9 -136 0 . 0 7 1 0 . 0 8 7 
-102 3 .6 4 .4 -137 0 . 0 6 3 0 . 0 7 7 
-103 3.2 3.9 -138 0 . 0 5 6 0 . 0 6 9 
- 1 0 4 2 .8 3.5 -139 0 . 0 5 0 0 .062 
-105 2 .5 3.1 -140 0 . 0 4 5 0 . 0 5 5 

- 1 0 6 2 .2 2.7 -141 0 . 0 4 0 0 . 0 4 9 
-107 2 .0 2 .5 -142 0 . 0 3 6 0 . 0 4 4 
-108 1.8 2 .2 -143 0 . 0 3 2 0 . 0 3 9 
-109 1.6 1.9 -144 0 . 0 2 8 0 . 0 3 5 
-110 1.4 1.7 -145 0 . 0 2 5 0 .031 

SIGNAL SOURCE RECEIVER 

2 

fig. 4. When a signal source is matched to a 
load, the voltage across the load is one-half 
the source voltage because of the voltage-
dividing effect of the source and load resis-
tors. When making receiver sensitivity mea-
surements in the laboratory, a 6-dB attenua-
tor is placed in the line so sensitivity can be 
read directly from the signal-generator's inter-
nal calibrated attenuator. 

October 1975 [Q 13 



Because of this two-to-one voltage-
dividing effect, you must be very careful 
when comparing the sensitivity of one 
receiver against that of another. An in-
put of +119 dBm, for example, implies 
an input directly at the receiver terminals 
and is 0.25 fiV rms across 50 ohms. Sen-
sitivity, on the other hand, implies the 
use of a matched signal generator so sen-
sitivity of 0.25 juV corresponds to an 
input of -125 dBm. This is a 6 dB dif-
ference. Since most amateur receiver 
manufacturers tend to use sensitivity 
specifications, there is no advantage, but 
the difference must be considered when 
you calculate the receiver noise figure 
and dynamic range. In this article inputs 
will be stated in dBm as this eliminates 
the 6 dB conversion factor — table 1 can 
be used to convert to sensitivity * 

cascaded stages 
A relatively simple equation for the 

noise factor of a receiving system, in 
terms of the individual stage gains and 
noise factors is 

F2 - 1 F3 -1 
FT=F1 + 

Gj G/ G2 
(10) 

Ft 

Pi 
F2 
F3 Q 

Gz 
C3 

overall system noise factor 
noise factor of the first stage 
noise factor of the second stage 
noise factor of the third stage 
power gain of the first stage 
power gain of the second stage 
power gain of the third stage 

PRE- POST-

AMPLIFIER AMPLIFIER 
1 2 

CONVERTER 

3 

E Q U I V 
P O W E R 
F O R M 

NOISE F I G U R E , 2 4 B 

GAIN • !0 dB 
N O I S E FACTOR, 1 .59 

G A I N « 10 

NOISE F IGURE, 6 DB NOISE F I G U R E . 10 DB 

GAIN * 12 dB G A I N . 2 0 <FS I 

NOISE F A C T O R , 4 . 0 

G A I N = 16 

N O I S E F A C T O R , IO.O 

G A I N = 1 0 0 

fig. 5. Noise factor of cascaded stages can be 
calculated by using equation 10 where all 
quantities are in power ratios. Noise factor at 
the input of the three cascaded stages shown 
here is 1.946 (noise figure = 2.9 dB). 

Note that all terms are in power ratios. 
If the gain of the first stage is high, and 
the noise factor of the second stage is 
low, the overall system noise factor is 
determined primarily by the first stage 
and the third term of eq. 10 may be 
dropped. 

For example, consider the block dia-
gram of the first three stages of a typical 
vhf receiving system shown in fig. 5. 
The overall system noise factor is 

4-1 10- 1 
F t = + 

= 1.59 + 0.3 + 0.056 = 1.946 
NFt= 10 log 1.946 = 2.9 dB 

For this receiver the overall system 
noise figure is 0.9 dB higher than that of 
the preamplifier alone. Raising the pre-
amplifier gain to 13 dB or dropping the 
noise figure of the second stage to 4 dB 
(F = 2.5) would reduce the system noise 
figure to approximately 2.45 dB (F = 
1.75). Depending on the frequency and 
the application, this may be a worth-
while improvement. 

noise temperature 
It is often convenient when working 

with very low noise uhf and microwave 
receivers to represent the noise figure of 
the receiver as an equivalent noise tem-
perature. This is because the noise tem-
perature of a receiving system varies 
over the range from 0° to 174°K as the 
noise factor varies from 1.0 to 1.6 (0 to 
2 dB noise figure) and noise calculations 
using equivalent noise temperatures will 
provide better accuracy. 

As mentioned above, the noise figure 
of an ideal receiver is 1, so the compo-
nent of receiver noise figure which is 
due to internally generated noise, NR, is 

*The usual procedure for measuring receiver 
sensitivity is to place a 6 dB attenuator be-
tween the signal generator and the receiver. 
Receiver sensitivity can then be read directly 
f rom the signal generator's calibrated output 
attenuator, 
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F- 1. Therefore 

Nr =(F - 1) CkTaB (11) 

The internally generated noise, Nr, can 
be represented by a noise power, 
GkTrB, where Tr is the equivalent noise 
temperature. Substituting into eq. 11, 
this equivalent noise temperature can be 
expressed in terms of the reference 
noise temperature, T0 - 290°K. 

T r = ( F - l ) T 0 (12) 

Eq. 12 can be easily rearranged to ex-
press noise factor as a funct ion of the 
receiver noise temperature, Tr, and the 
reference noise temperature, T0 

F=l+^~ (13) 
1 o 

Although noise temperature is sel-
dom used by amateurs, it is a more basic 
unit than noise factor and is actually 
easier to deal with, both in understand-
ing concepts and making practical noise 
calculations. For a more complete dis-
cussion of noise temperature, see refer-
ence 12. 

transmission lines 

The transmission line's contr ibut ions 
to receiver noise come from a common 
source: line losses. The first of these is 
the more obvious. When a signal travels 
down a lossy transmission line, the sig-
nal is attenuated. This reduces the 
signal-to-noise ratio and is equivalent to 
increasing the noise factor of the re-
ceiver. This increase can be calculated 
by introducing a loss factor, L, which is 
the loss of the cable expressed as a pow-
er ratio. 

The second effect is due to the noise 
factor of the transmission line. The fact 
that the line has losses implies that there 
is a loss resistance associated with it 
(which is dist inct f rom characteristic 
impedance). Since the line is warm it 
generates noise due to thermal agitation. 
The noise factor of the line, Ft, is related 
to the loss factor, L , and the physical 

temperature of the line, Ttl by the fol-
lowing equation 

( i ~ v T> 

F> = 290 +1 1141 

The degradation of the receiver noise 
figure due to transmission line contribu-
tions may be calculated by considering 
the transmission line and the receiver as 
cascaded stages and using a form of eq. 
10 

Fr - 1 
F tr = Ft + — - — (15) 

where Ftr = noise factor of the receiver 
and transmission line 

Fr = noise factor of the receiver 
Ft = noise factor of the trans-

mission line 
L - loss factor of the trans-

mission line 

For example, a receiver w i th a noise 
factor of 4 (NF = 6 dB) is used with a 
transmission line which has a loss factor 
of 0.63 (2 dB loss). The physical tem-
perature of the line is 300°K {Ft = 
1.61). What is the combined noise fig-
ure? 

Ftr = 1.61 +Y6f = 6.37 

NFtr = 8.04 dB 

When line losses are low but receiver 
noise figures are 3 dB or greater, line 
loss is the predominate contr ibutor to 
increased noise figure. When receiver 
noise figure is very low, the thermal 
effect predominates. 

antenna noise 

Of all the contr ibutions to system 
noise, antenna noise is probably the 
least understood. Assuming the antenna 
is built of good conducting materials, it 
contributes virtually no thermal noise of 
its own to the receiving system. The 
noise power the antenna does deliver to 
the receiver depends almost entirely on 
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table 2 . Performance of a receiver w i t h 0 .5 JUV sensitivity for 10 OB S + N / N 
w i t h 1 0 0 feet ( 3 0 . 5 m ) of R G - 8 A / U transmission line is shown in first t w o 
columns. Th i rd c o l u m n lists external available noise power fo r quiet re-
ceiving locations on each of the amateur bands. F o u r t h c o l u m n shows re-
ceiver signal (50 -ohms) required fo r 10 dB S + N / N on each of the bands 
(based o n . external noise). Last co lumn lists acceptable noise f igure fo r 
each of the bands (see t e x t ) . B a n d w i d t h = 2 .1 k H z . 

noise receiver 
factor external input acceptable 

at noise available signal for noise 
frequency antenna figure noise power 10 dB S+N/N figure 

1.8 M H z 15 .8 1 2 . 0 - 9 3 d B m 1 5 . 3 jUV 4 5 d B 
3.5 M H z 16 .2 1 2 . 1 - 1 0 1 d B m 12 .6 JUV 3 7 d B 
7.0 M H Z 16.7 12 .2 - 1 1 1 d B m 4 . 0 JUV 27 d B 

1 4 . 0 M H z 1 7 . 6 12 .5 - 1 1 3 d B m 3 . 1 jUV 2 4 d B 
2 1 . 0 M H z 18 .3 1 2 . 6 - 1 1 8 d B m 1.8 fJLV 2 0 d B 
2 8 . 0 M H z 18 .9 12 .8 - 1 2 3 d B m 1 . 0 /uv 15 d B 
5 0 . 0 M H z 2 0 . 9 13 .2 - 1 2 9 d B m 0 .5 JUV 9 d B 

1 4 4 . 0 M H z 2 6 . 9 14 .2 - 1 3 9 d B m 0 .2 JUV 2 d B 

the temperature and other physical 
characteristics of the material lying in 
the antenna's field of view. A 432-MHz 
moonbounce receiving antenna looking 
out into space, for example, may deliver 
only as much noise power as a resistor 
at 10°K (noise factor = 1.03). If this 
same antenna is rotated so that the 
warm earth comes into its field of view, 
the antenna noise temperature would 
rise to about 300°K (noise factor = 2). 

A ten-meter Oscar receiving antenna 
which is pointed into "co ld" space, on 
the other hand, wil l see a noise tempera-
tu re of about 10,000°K minimum 
(noise factor = 35). Pointed at the hori-
zon, however, the antenna noise tem-
perature may be ten or fifteen times 
higher, depending upon the amount of 
man-made noise. 

There is little that can be done to 
improve the situation of a terrestial 
radio circuit, but an antenna that looks 
at the sky, such as a satellite antenna, 
deserves careful design. This is because 
the effect of the earth is still present, 
and any sidelobe that sees the earth will 
pick up thermal noise. This is sometimes 
quite serious and sidelobes are of major 
concern in many deep-space communi-
cations and radio astronomy systems. 
Careful attention to antenna design with 
respect to sidelobes can provide antenna 

temperatures significantly under 50°K, 
while poor design can result in much 
higher values. 

minimum usable sensitivity 
With an understanding of receiver 

noise factor and its relationship to 
signal-to-noise ratio, it's now possible to 
determine the minimum usable sensi-
tivity (MUS) of a receiving system, and 
how the performance of your own 
equipment affects your ability to re-
ceive weak signals. Let's first consider 
that modern communications receiver 
mentioned earlier which had a specified 
sensitivity of 0.5 juV for 10 dB S+N/N 
ratio.* 

From table 1 a 0.5 /uV sensitivity for 
10 dB S+N/N is equivalent to a sensi-
t ivity of -119 dBm in a 50-ohm system 
(-129 dBm noise floor). Assuming a 
bandwidth of 2.1 kHz, the noise figure 
of the receiver is about 11.8 dB (noise 
factor = 15.1). Assuming 100 feet 

* A S+N/N ratio of 10 dB corresponds to a 
S/N ratio of 9.54 dB, a difference small 
enough to be neglected for all practical pur-
poses. A S+N/N ratio of 3.5 dB, however, cor-
responds to a S/N ratio of about 0.9 dB.and 
the difference must be considered. S+N/N 
may be converted to S/N by using the rela-
tionship [(S+N/N) - 1] = S/N (in power 
ratios, not dB). 
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(30.5m) of RG-8A/U transmission line 
at 300°K, the noise factor at the an-
tenna terminals may be calculated from 
eq. 15, and is shown in table 2 for the 
six high-frequency amateur bands, (cal-
culated on the basis of 0.5 juV sensi-
tivity for 10 dB S+N/N on all bands, 
which may be optimistic). Even at 28 
MHz, where the line loss has increased 
the noise factor by 25 per cent, the 
system noise factor is still well below 
the available noise power seen by the 
antenna (see fig. 1). 

At 50 MHz, however, the system is 
limited by receiver noise and a lower 
noise figure would be required for weak-
signal work (system noise at 50 MHz in 
this example is about 2.4 dB higher 
greater than external noise for a quiet 
location). If the receiver was connected 
directly to the antenna terminals to 
eliminate transmission line losses the 
system noise figure would be essentially 
that of the receiver alone and a 0.5 /uV 
signal would provide the desired 10 dB 
S+N/N ra t io . A l though 100 feet 
(30.5m) of RG-8A/U coaxial cable has 
only about 1.35 dB loss at 50 MHz, it 
degrades the noise figure sufficiently 
that the system is no longer limited by 
external noise sources. This points up 
the importance of using low-loss trans-
mission lines (or mounting a receiving 
preamp at the antenna). 

Assuming a quiet, rural location that 
is limited primarily by galactic noise 
down to about 18 MHz, and atmos-
pheric noise below 18 MHz, what is the 
minimum usable receiver sensitivity for 
terrestial communications? 

As can be seen from table 2, rather 
poor receiver sensitivity is acceptable on 
40, 80 and 160 meters because the 
external noise at these frequencies is 
very high. This also explains why the 
simple receivers of the 1920s were rela-
tively successful. The high external 
noise levels also make it possible to use 
rather inefficient receiving antennas on 
the lower frequencies.13 It's important 
to note that a 0.5 /uV signal is of little 

practical use on 160, 80 or 40 meters 
because it would be buried in the noise 
level. 

The required sensitivity on 20, 15 
and 10 is not difficult to obtain with 
modern devices, but receivers which are 
optimized for the lower frequencies 
may not offer top performance on 10 
meters. It should be pointed out that 
the "acceptable" noise figure in the last 
column of table 2, is somewhat arbit-
rary and is based on setting the receiver 
noise floor about 3 dB below the exter-
nal noise floor. This is probably ade-
quate 90 per cent of the time, but since 
noise varies randomly, a statistical 
analysis indicates there may be times 
when a lower noise figure may be 
desirable. However, it is generally agreed 
that a 10 dB noise figure is more than 
adequate up to 22 MHz and an 8-dB 
noise figure may occasionally prove use-
ful on 10 meters. Why design a high-
frequency receiver for extraordinary sen-
sitivity when its performance is limited 
by external noise over which you have 
no control? A very sensitive receiver is 
more prone to intermodulation and 
cross-modulation effects, and these may 
be more important. 

A t v h f t h e external noise levels are 
much lower and low-noise receivers are 
required for good weak-signal perform-
ance. Since it's relatively easy to build 
low-noise receivers for 50 MHz with 
modern semiconductors, there's no ex-
cuse for being limited by system noise 
figure on this band. A receiver with a 5 
dB noise figure at 50 MHz, for example, 
when used with 100 feet (30.5m) of 
RG-8A/U transmission line, will provide 
a system noise factor of 4.38 (NF = 6.4 
dB) at the antenna terminals. This is 
well below the external noise. 

The 144-MHz example in table 2 is 
hopelessly inadequate and represents at 
least 12 dB degradation over what can 
be obtained in practice. A receiver with 
a 1.5 dB noise figure on this band, when 
used with the 100 feet (30.5m) of 
RG-8A/U, will provide a system noise 
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factor of 2.54 ( N F = 4.1 dB) at the an-
tenna terminals which is still inade-
quate. A transmission line with 0.7 dB 
loss would bring receiver noise figure 
within acceptable limits, but it might be 
easier and less expensive to install a low-
noise preamp at the antenna. 

As pointed out earlier, the noise tem-
peratures of antennas that are pointed 
into space for satellite communications 
(or EME) are much lower than for ter-
restial communications where the an-
tenna is pointed at the horizon. This 
means that the receiver noise figures 
must be lower for maximum perform-
ance. Some parts of the sky are noisier 
than others due to the presence of noise 
sources, but the noise figure of the re-
ceiver should ideally be low enough that 
the system is galactic-noise limited. Fol-
lowing are the receiver noise figures to 
shoot for when designing receivers or 
converters for satellite communications 
on vhf. 

frequency 

28 MHz 
50 MHz 

144 MHz 
220 MHz 
432 MHz 

galactic 
noise floor noise figure 

-125 dBm 
-130 dBm 
-139 dBm 
-140 dBm 
-141 dBm 

8 dB 
5 dB 
1 dB 

0.7 dB 
0.2 dB 

These figures are based on a 2.1-kHz 
bandwidth and assume a lossless trans-
mission line. For more accurate calcula-
tions at low noise figures, the use of 
noise temperatures is recommended. 

Although the topic of noise figure 
measurement is beyond the scope of 
this article, the simplest method of mak-
ing the measurement is to compare re-
ceiver noise to the noise generated by a 
temperature-limited vacuum diode. This 
technique is easily applied in the home 
workshop and has been discussed many 
times in the amateur radio maga-
zines.14-15,16 Guentzler also described 
a noise measuring system which used a 
pilot lamp as a noise source.17 

intermodulation distortion 
Amplitude distortion occurs in an 

amplifier when the magnitude of the 
output signal is not exactly proportional 
to the input signal. Although amplifiers 
can be designed to be nearly perfectly 
linear over a portion of their operating 
range, every amplifier has nonlinearity 
which can cause distortion products or 
harmonics of the driving waveform. 
Intermodulation distortion or IMD is a 

type of amplitude distortion which 
occurs when a nonlinear amplifier is 
driven by more than one discrete fre-
quency. Although the discussion here is 
limited to IMD in receivers, this is the 
same distortion which is used to define 
the l i n e a r i t y of ssb linear power 

amplifiers. 
When an rf signal with varying ampli-

tude is passed through a nonlinear de-
vice, many new products are generated. 
The frequency and amplitude of each 
component can be calculated mathemat-
ically since the nonlinear device can be 
represented by a power series expanded 
about the zero-signal operating point.18 

Although many products are generated, 
the ones of primary concern are the 
second and third. This can be demon-
strated with a two-tone signal with out-
puts at/j and/2,14001 and 14003 kHz. 

ft = 14001 
2\ft = 28002 
3ft = 42003 

f2 = 14002 
2/2 = 28004 
3f2 = 42006 

Although each of the harmonics fall 
well outside the passband of a receiver 
which is tuned to pass 14001 and 14002 
kHz, the harmonics mix together to pro-
duce intermodulation products which 
do fall within the passband. The third-
order products consist of 

2j\ - f2 - 14000 kHz 
2/2 ~ ft = 14003 kHz 

The fifth-order products consist of 

3// - 2/2 = 13999 kHz 
3/2-2/ j = 14004 kHz 

The output spectrum is shown in fig. 6. 
Unless the nonlinearity of the amplifier 
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fig. 6. Third- and fifth-order intermodulation 
products generated by input signals at 14001 
and 14002 kHz. In receiver stages fifth-order 
IMD is usually small enough to be neglected. 

is particularly severe, fifth-order I M D is 
not usually a problem arid can be ignored 
in receiver applications. 

Although the I M D distortion pro-
ducts which are generated by two dis-
crete frequencies are used here because 

~/RI ) ± ft • Third-order intermodulation 
products also occur at (2 \ f R i - f R 2 ) and 
(2fR2 ~ / r j )• Two input frequencies at 
14210 and 14230 kHz, for example, 
with a 5 .2-MHz local oscillator (9 MHz 
i-f), will produce two-tone, third-order 
intermodulation products at 8 9 9 0 and 
9050 kHz {i-f passband) and 14190 and 
14250 kHz (rf passband). 

Third-order I M D is measured in the 
laboratory with a spectrum analyzer 
using the test setup in fig. 7. However, 
the concept of the third-order intercept 
is finding increased use to describe the 
I M D response of mixers, and can also be 
used to describe the linearity of ampli-
fiers.* The third-order intercept is the 
theoretical point where the two-tone, 
third-order response is exactly equal to 

fig. 7. Block diagram of 
the test setup for evalu-
ating the I M D perform-
ance of an amplifier or 
mixer with a spectrum 
analyzer. 

they're easy to visualize, exactly the 
same sort of thing occurs with complex 
speech waveforms. 

In a receiver rf amplifier or mixer 
stage I M D may be caused by two adja-
cent CW signals or by a ssb signal. 
Furthermore, in a mixer where the in-
put must be wideband {such as the 
double-balanced mixer which is cur-
rently finding wide use), two input sig-
nals, ( / r j and f R 2 ) may mix with the 
local oscillator ( f i ) to produce in-band, 
two-tone, third-order intermodulation 
products ( 2 f R 1 - f R 2 ) ±fL and {2<fR2 

*Class A amplifiers. Linear class AB or B am-
plifiers often exhibit two-tone, third-order 
intermodulation products which follow an 
S-$haped curve that both increases and de-
creases with additional input signal level so 
they cannot be compared by the intercept 
point method. 

the two-tone input. Amplifiers and 
mixers are not operated at this level in 
practice, but the intercept point offers 
an internationally recognized figure of 
merit for comparison of devices, both 
active and passive. 

In addition, the intercept point per-
mi ts comparison of amplifiers and 
mixers where the intermodulation speci-
fications are given at different two-tone 
levels. Once t h e i n t e r c e p t point is 
known, you can calculate the two-tone, 
third-order response at any input level 
by simply remembering that every 1-dB 
change in the two-tone input produces a 
3-dB change in the third-order output. 
With this information it is possible to 
predict the maximum rf input level 
which is allowable. 

With each 1 dB decrease in the f R 

input level, for example, the third-order 
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product is decreased an additional 2 dB. 
As shown in fig. 8, a high-level double-
balanced mixer wil l suppress third-order 
products about 65 dB when both signals 
are at zero dBm (224 mV across 50 
ohms) and 85 dB when both input sig-
nals are at - 1 0 dBm (71 mV across 50 
ohms). The third-order intercept point 
for these mixers is +27.5 dBm, relative 
to the output. Relative to the input, the 
intercept point is at +32.5 dBm. This is 
17 dB higher than the intercept point 
for a low-level double-balanced mixer 
such as the Minilabs SR1A or Anzac 
MD108. The 3-dB compression point 
shown on the graph is a combination of 
both conversion compression and de-
sensitization. 

intercept point 
The third-order intercept point, IP, 

can be calculated from the relationship 

I P - ' / 2 ( P 0 ~ P d ) + Pi ( 1 6 ) 

[p= third-order intercept, dBm 
PQ = desired output, dBm 
Pd = third-order distortion products,dBm 
Pi = input power, dBm 

Since the third-order IMD is defined as 
(PQ -P d ) , eq. 16 can be rewritten as 

I P = l / 2 l M D + Pi ( 1 7 ) 

For the spectrum display shown in fig. 
9, for example, the third-order inter-
modulation distortion products with 
two input signals of 4 mV ( -35 dBm) 
are 80 dB down, and the third-order 
intercept is 

I P = 0 . 5 - 8 0 - 3 5 = + 5 d B m 

Most amateurs don't have spectrum 
analyzers, but if good intermodulation 
distortion i n f o r m a t i o n is provided on 
the receiver data sheet, the intercept 
point can be easily calculated with eq. 
17 (in all too many cases, however, 
amateur receiver manufacturers ignore 
IMD completely, and when they do pro-
vide IMD data, it is incomplete). How-

INPUT LEVEL (dBm) 

fig. 8. Third-order intercept point of high-
level double-balanced mixer (SRA1H) at SO 
MHz is +32.5 dBm relative to the input, 3-dB 
compression occurs at +20 dBm and third-
order IMD is suppressed 65 dB when both 
input signals are O dBm (224 mV across 50 
ohms). 

ever, assume the specifications for an 
amateur-band receiver list - 7 5 dB IMD 
for an input of 1 mV ( -47 dBm). The 
third-order intercept is 

I P = 0 . 5 ' 1 5 - 4 7 = ~ 9 . 5 d B m 

Once the intercept point is known, the 
IMD performance at any input level can 
be found by rearranging eq. 17. 

I M D = 2 ( I P - P 0 (18) 

For an intercept point of -9 .5 dBm, for 
example, the IMD at various input levels 
is shown below. 

input signal I M O 
100 fiV ( - 6 7 dBm) 115 dB 
500 MV ( - 5 3 dBm) 87 dB 

1000/UV ( - 4 7 dBm) 75 dB 
5 mV ( - 3 3 dBm) 47 dB 

10 mV ( - 2 7 dBm) 35 dB 

Compare this wi th the state-of-the-art 
receiver front end described on page 
26 of this issue which has - 7 4 dB IMD 
at an input of 100 mV (-7 dBm). The 
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intercept point is at +30 dBm. 

input signal I M D LO
SS

 

100 AiV ( - 6 7 dBm) 194 dB 2 
500 ( - 5 3 dBm) 166 dB 

o 
cS 

1000 ^ V ( - 4 7 dBm) 154 dB UJ 
> 

5 mV ( - 3 3 dBm) 126 dB z o 
10 mV ( - 2 7 dBm) 114 dB o 

The superiority of this receiver is ob-
vious — for all but the strongest signals 
the IMD products are at or below the 
receiver noise level. Assuming a 10 dB 
noise figure and 2.1-kHz bandwidth, an 
input signal of -23,7 dBm {14.7 mV 
across 50 ohms) will produce IMD pro-
ducts just equal to the noise level. In the 
receiver with an intercept point at -9.5 
dBm, however, the IMD products are al-
ready 3 dB greater than the noise with 
an input of -49 dBm (800 /uV). This 
will be discussed further under the 
subject of dynamic range. 

double-balanced mixers 
Often a mixer data sheet does not 

specify the third-order intercept point, 
but a rule-of-thumb estimate can be eas-
ily made by examining the 1-dB com-
pression point. As the rf input is in-
creased, the i-f output should follow in 
a linear manner. However, after a cer-
tain point, the i-f output increases at a 
lower rate until the mixer output be-
comes fairly constant. The point at 

fig. 9. Spectrum analyzer display of communi-
cations receiver shows IMD is 80 dB down 
with a two-tone input of - 3 5 dBm (4 mV 
across 50 ohms). Intercept point is at +5 
d B m . 

mrcftceer oojwr 
coHvcrtsiOH LOSS • P„R • P„ iaBi io ro 15 <IB —•) 

Rf INPUT LEVEL 

fig. 10. When working with double-balanced 
mixers, the third-order intercept point may be 
estimated by using the rule of thumb that the 
intercept point is 10 to 15 dB above the 1-dB 
compression po in t (see t e x t ) . 

which the i-f output deviates from the 
linear curve by 1 dB is called the 1-dB 
compression point. At this point the 
conversion loss is 1 dB greater than it 
was when the rf input was smaller. 

The importance of the 1-dB com-
pression point is its utility in comparing 
the dynamic range, maximum output 
and two-tone performance of various 
double-balanced mixers. As a rule of 
thumb, the third-order intercept point is 
approximately 10 to 15 dB higher than 
the 1-dB compression point19 {about 
15 dB at the low frequencies and 10 dB 
at higher frequencies). This is shown in 
fig. 10. 

To properly use a double-balanced 
mixer, it is necessary to relate the two-
tone input and third-order output levels 
to avoid generating excessive distortion 
which would compromise the final de-
sign. This is equally valid for amplifiers. 
Also important, but not as obvious, is 
the effect higher operating frequencies 
have on the double-balanced mixer's 
two-tone, third-order distortion char-
acteristics. Performance is usually better 
at the lower frequencies and drops off 
as frequency is increased. For typical 
high-frequency double-balanced mixers 
with a maximum frequency specifica-
tion of 500 MHz, performance starts to 
fall off somewhere between 50 and 100 
MHz. 

As discussed by DJ2LR on page 26, 
it is now possible, using a double-
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balanced mixer in the front end, to 
build high-frequency communications 
receivers with a third-order intercept at 
+30 dBm. Using the rule of thumb that 
the 1-dB compression point is 15 dB 
below the intercept point, 1-dB com-
pression occurs at an input of approxi-
mately + 15 dBm or 1.25 volts across 50 
ohms. 

By comparison, the 1 dB compression 
point of many commercial amateur re-
ceivers is in the vicinity of - 2 0 dBm 
(22 mV across 50 ohms) and some solid-
state receivers with bipolar rf amplifiers 
go into compression at - 4 0 dBm (2 mV 
across 50 ohms). 

cross modulation 
Another type of amplitude distortion 

which can occur in tuned amplifiers is 
cross modulation, This is related to IMD 
and is produced when the modulation 
from an undesired signal is partially 
transferred to a desired signal in the 
passband of the receiver. The 3-dB com-
pression point in fig. 8 describes the 
start of cross-modulation effects. 

The cross-modulation effect is inde-
pendent of the desired signal level and is 
proportional to the square of the un-
desired signal amplitude. Because of this 
relationship, an rf attenuator which 
lowers the signal level at the input to 
the receiver may provide a great im-
provement in cross-modulation per-
formance. A 6 dB attenuator at the re-
ceiver input terminals, for example, will 
reduce cross modulation by 12 dB. If 
the desired signal is at least 6 dB above 
the level at which the receiver provides a 
satisfactory S/N ratio this results in a 
marked improvement in received signal 
quality. 

Cross modulation is measured in the 
laboratory by setting one signal genera-
tor to deliver a CW output and another 
generator is set up for 30% amplitude 
modulation. The output of the a-m gen-
erator is increased until 1% modulation 
appears on the CW signal as measured 
with a spectrum analyzer. This repre-
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fig. 11. Graph of cross modulation vs the ratio 
of the intercept point to the interfering signal 
level in dB. 

sents a cross-modulation ratio of about 
30 dB (cross-modulation level 30 dB be-
low the reference level). 

Cross modulation is related to the 
intercept point by the relationship 

mhn' = (Pip/4PC) - lA (19) 

m/m' = ratio of cross modulation trans-
ferred from a large signal to 
a smaller one 

Pip = intercept point power 
Pc = interfering signal power 

Cross modulation in dB is simply 

m/m' (dB) = 20 log (m/m') (20) 

In fig. 11 cross modulation is plotted 
against the difference between the inter-
cept point and the cross-modulating sig-
nal in dBm. Cross modulation of 30 dB, 
for example, corresponds to 21 dB dif-
ference between the intercept point and 
the signal producing the cross mod-
ulation. For a receiver with an intercept 
point at +30 dBm, a modulated input 
signal at a level of +9 dBm (630 mV 



across 50 ohms) will produce 30 dB 
cross modulation. For a receiver with an 
intercept point at -9.5 dBm (the more 
usual case), an interfering signal level of 
-30.5 dBm (6.7 mV) will produce 30 
dB cross modulation. 

gain compression 
When a receiver is tuned to a weak 

signal, a strong, adjacent signal may 
cause an apparent decrease in receiver 
gain. This is called compression or desen-
sitization and occurs when the input volt-
age from the undesired signal is large 
enough to exceed the bias on an rf 
amplifier or mixer and drives the base 
(or grid) into conduction. This reduces 
gain, as shown by the compressed curve 
of fig. 8, and increases distortion. The 
rectified base (or grid) current can also 
be coupled back to the receiver's age 
system which results in a further reduc-
tion in overall receiver gain. 

Compression is measured by setting 
one signal generator to produce a CW sig-
nal and another generator, at a given fre-
quency spacing, is adjusted to depress 
the desired signal a certain amount, usu-
ally 3 dB. Like cross modulation, how-
ever, a compression specification has lit-
tle meaning if the frequency separation 
between the two signals is not specified. 

Since both cross modulation and com-
pression are caused by strong, undesired 
signals which are adjacent to the re-
ceiver passband, they can be controlled 
to a certain extent by the selectivity at 
the front end of the receiver. High re-
ceiver sensitivity, of course, is the anti-
thesis of good cross-modulation and com-
pression performance — this reinforces 
the argument for receiver noise figures 
on the order of 10 dB for the high-
frequency range. 

dynamic range 
The front end of a receiver is sub-

jected to a multiplicity of input signals 

* Derivation of eq. 16 through eq. 22 will be 
sent to interested readers upon receipt of a 
self-addressed, stamped envelope. 

which tend to intermodulate to produce 
a level of distortion products which is 
dependent on the magnitude of the in-
coming signals. Therefore, the upper 
end of a receiver's dynamic range is de-
fined by the input signal level which 
produces third-order IMD products just 
equal to the receiver's noise level. 

At the lower end dynamic range is 
limited ultimately by the noise figure of 
the receiver. Also important, however, is 
the way the receiver handles weak sig-
nals. Some linear rf amplifiers and 
mixers give good performance in the 
middle of their operating range but ex-
hibit transfer curves that introduce con-
siderable distortion at low signal levels. 
With proper design, however, this is not 
a problem, and the dynamic range of a 
receiver is usually defined as the 
spurious-free dynamic range where the 

maximum input signal is as defined 
above and the minimum input signal is 
at the noise floor of the receiver (eq. 8). 

DR = 2/3 (IP- N0) (21) 

where DR = spurious-free dynamic 
range, dB 

IP - intercept point, dBm 
N0 = receiver noise floor, dBm 

The dynamic range of a receiver is 
important because it allows you to 
directly compare the strong-signal per-
formance of one receiver against that of 
another. On today's crowded bands, and 
the high incidence of kilowatt trans-
mitters and directive antennas, strong-
signal per formance is usually much 
more important than sensitivity. Al-
though dynamic range can be used as a 
figure of merit, it's also useful to know 
the max imum inpu t signal level, 
Pj(m a X ) , which will produce third-order 
IMD products just equal to the noise 
level. This can be calculated from* 

Pi (max) = H3(2IP + N0) (22) 

Pi (max) = maximum input signal, dBm 
IP = intercept point, dBm 
Nn = receiver noise floor, dBm 
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DYNAMIC RANGE (dB) 

fig. 12. Spurious-free dynamic range vs intercept point (based on 2 . 1 - k H z bandwid th , ! O d B noise 
figure). M a x i m u m input signal (mi l l ivol ts rms across 5 0 ohms) is shown at top. 

For example, assuming a noise figure 
of 10 dB and 2.1-kHz bandwidth, the 
spurious-free dynamic range and maxi-
mum input signal of a receiver with an 
intercept point at +30 dBm are 

DR = 2 / 3 [ 3 0 - ( - 1 3 1 ) 1 = 107.3 dB 

Pifmax) = U 3 [ 2 ' 3 0 + ( - 1 3 1 J I 

= -23.7 dBm 

Thus, the IMD products wi l l be well be-
low the noise level for all input signals 
below -23.7 dBm {14000 juV or about 
S9+43 dB)! As a comparison, consider a 
receiver wi th a third-order intercept at 
-9 .5 dBm {10 dB noise figure, 2.1-kHz 
bandwidth): 

DR = 2/31-9.5 - (-131)] = 81 dB 

Pi(maX) = 1 / 3 [ 2 ( - 9.5) + ( - 1.31)1 

= - 50 dBm 

With this receiver the distortion pro-
ducts are equal to the noise level wi th 
an input signal of about 710 / iV or 
S9+17 dB. This may represent adequate 
strong-signal performance if you live out 
in the country, but it's doubtful. If you 
live in an urban area, you'l l have a lot of 

trouble digging weak signals out of the 
morass of IMD products which effec-
tively raise the noise floor of the 
receiver. 

A graph of intercept point vs dy-
namic range and maximum input signal 
is presented in fig. 12 for a receiver with 
a 10 dB noise figure and 2.1-kHz band-
width {typical for modern amateur com-
munications receivers). 

summary 
Although modern amateur receivers 

are no longer performance limited by 
noisy vacuum tubes or poor selectivity, 
the published performance specifica-
tions have changed little since the 1940s 
and are still limited essentially to data 
on sensitivity and selectivity. Specifica-
t ions on intermodulation distortion, 
cross modulation, desensitization and 
dynamic range, if they're mentioned at 
all, provide insufficient information for 
direct buyer comparison. Purchasing a 
new receiver under these conditions is a 
bit l/ke buying a new car without know-
ing gas mileage or how many passengers 
it will carry. 

The performance specifications for 
the high-frequency receiver shown in 
table 3 leave no question as to receiver 
performance and are recommended as a 
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table 3. Specifications for a high-performance, 
high-frequency communications receiver pro-
vide a good format for amateur equipment 
manufacturers to follow. These specifications 
give complete reference and qualifying data 
and leave little question as to actual receiver 
performance. 

Frequency range 
Tuning accuracy 

Sensitivity 

l-f selectivity 

Intermodulation 
products 

Dynamic range 
Cross 
modulation 

Compression 

Spurious 
response 

AGC range 

500 kHz to 30 MHz 
±500 Hz relative to the fre-
quency of the desired signal 
CW and ssb: 0.5 /XV for 10 
dB S/N ratio in a 2.4-kHz 
b a n d w i d t h ( 1 1 d B no i se 
f igure) 
2 .1 kHz at - 6 dB, 4.2 kHz at 
- 6 0 dB (2.0 shape factor) 
Out of band: Wi th two 20 
mV signals separated and re-
moved f rom the desired sig-
nal by not less than 25 kHz 
t h e t h i r d - o r d e r I M D pro-
ducts are not less than 90 dB 
below either of the inter-
fering signals. Intercept point 
= + 24 dBm 

In band: Two in-band signals 
of 20 mV will produce th i rd-
o r d e r I M D p r o d u c t s n o t 
greater than - 5 0 dBm 
102 dB 
With a desired signal greater 
than 100 M v in a 2.4-kHz 
b a n d w i d t h , an u n w a n t e d l 
signal, 30% modulated, re-
moved not less than 25 kHz, 
must be greater than 175 
mV to produce an output 30 
dB below the ou tpu t pro-
duced by the desired signal. 
With a desired signal of 500 
/Uv, an unwanted signal more 
than 25 kHz removed must 
be greater than 300 mV to 
reduce the ou tpu t by 3 dB 
External signals 25 kHz or 
more removed f r om the de-
sired signal must be at least 
85 dB above the level of the 
desired signal to produce an 
equivalent ou tput 
Internal spurious signals are 
not more than 3 dB above 
the noise level measured ir, a 
2.1-kHz bandwidth 
An increase in input of 110 
dB above 1 JJV w i l l produce 
an output change of less 
than 6 dB 

guide for receiver manufacturers to fol-
low in the future. Well informed ama-
teurs should demand nothing less. 
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Various efforts have been made in the 
past to bui ld high-frequency communi -
cations receivers w i t h w ide dynamic 
range t o combat the effects o f cross-
modula t ion and blocking. Wi th the high 
level of galactic and man-made noise 
which is present up to about 3 0 M H z , 
receiver designers generally agree that a 
receiver w i t h a 10 dB noise figure is 
more than adequate for high-frequency 
communicat ions. This is equivalent to a 
sensitivity of 0 .2 juV for 10 dB signal-
plus-noise t o noise ( 5 0 - o h m input impe-
dance, 2 - k H z bandwid th ) . In most cases, 
on the high-frequency bands, the man-
made noise which is p icked up by the 
antenna is greater than 0 . 0 7 / i V , so the 
ext raord inary sensitivity of a receiver 
w i t h a noise f igure lower than 10 dB is 
no great advantage. Whi le this technique 
was init iated ten years ago by m y 
company , Rohde & Schwarz , in Munich , 
amateur equipment designers have only 
recently started th ink ing along the same 
lines. 

A noise figure of slightly less or equal 
to 10 d B can be readily achieved by 
using one of the new hot-carrier diode 
double-balanced mixers, such as the 
Min i labs S R A 3 H or S R A 1 H , which is 
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followed by a low-noise i-f amplifier 
ahead of a crystal filter. In practice this 
means that no rf amplifier stage is 
required. In vacuum-tube receivers one 
of the primary applications for the 
rf input stage was to provide age but 
this can now be obtained (with negligi-
ble losses) with a PI N diode attenuator.1-2 

The first amateur equipment to use 
this new design technique is the Atlas 
180 and its later models. There are some 
indications that this circuit is derived 
from the SouthCom SC130 Man-Pack 
Transceiver* and the AN/PRC-104 of 
Hughes Aircraft, which both use the 
same technique. The main disadvantage 
of this rf input circuit is that it is practi-
cally impossible to suppress feedthrough 
energy from the oscillator to the an-
tenna to 15 juV or less, a requirement of 
European regulatory agencies. 

Some military and systems-oriented 

oscillator feedthrough, in many cases rf 
amplifier stages are still required. 

Recently the German amateur jour-
nal, cq-DL, published an extensive test 
report on the Atlas 1803 which showed 
fairly poor dynamic range with respect 
to what would be expected from a re-
ceiver with a double-balanced mixer in-
put and high-power i-f stage before the 
crystal filter. As pointed out in a pre-
vious article,4 to obtain the specified 
performance every mixer must see a 
purely resistive load at both the i-f and 
image frequency. An analysis of the 
SouthCom and Atlas circuit reveals a 
tuned circuit between the double-
balanced mixer and the i-f stage. Since 
the mixer is not properly terminated at 
the image frequencies, this results in a 
loss of at least 15 dBm for the mixer's 
third-order intercept point, enhancing 
intermodutation distortion products. 

table t. Third-order intercept point of Minitabs SRA1H 
high-level double-balanced mixer with various terminations. 

termination intercept point 
50-ohm resistance 30 dBm 
Narrow-band resonant circuit 8 dBm 
Heavily damped resonant circuit 17 dBm 
Elliptical bandpass circuit 21 dBm 
Amplifier (Zj = 50 ohms ±10°, 1-80 MHz) 23 dBm 
Power fet (Zj = 50 ohms ±5°, 1-108 MHz) 30 dBm 

receivers still require noise figures of 6 
dB or less because they are used with 
ineff icient antennas (whip antennas 
with loading coils for marine, mobile or 
portable use, for example). Since it is 
difficult for the commercial communi-
cat ions equipment manufacturer to 
foresee whether the receiver will be used 
with a good antenna or a poor one, 
coupled with the requirement for low 

*Atlas Radio is licensed by SouthCom Inter-
national to use the circuits developed by 
SouthCom for military and commercial com-
munications equipment. Editor. 

mixer circuits 

A recent survey published in 
Germany5 showed the results of a series 
of tests regarding the creation of un-
wanted spurious in double-balanced 
mixers as a function of termination. All 
tests were run with a high-level Minilabs 
SRA1H mixer which requires a local-
oscillator input of 23 dBm (200 milli-
watts). The results of these tests are 
listed in table 1. 

Although the Minilabs SRA1H is 
capable of providing a third-order inter-
cept point of 30 dBm, table 1 indicates 
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that you can lose as much as 22 dB of 
dynamic range because the mixer is not 
properly terminated. Therefore, to ob-
tain maximum performance, it is essen-
tial to build an input stage which has 
the required input impedance from dc 

be adjusted to set the dc bias so the in-
put impedance is exactly 50 ohms.5 This 
circuit has been designed for optimum 
dynamic range regardless of oscillator 
feedthrough and does not show any in-
put selectivity which must, of course, be 
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fig. 1. Input impedance and phase angle of the 9-MHz KVG XF9B crystal filter 
when terminated in 560 ohms in parallel with 33 pF. 

up to more than 100 MHz. This stage 
must also have an intercept point of 25 
dBm (the double-balanced mixer has 
about 5 dB loss so the mixer output is 
25 dBm at 30 dBm input). 

Extensive tests with various crystal 
filters have been conducted in the past 
and it was found that the crystal filter's 
input and output must be terminated 
beyond its normal frequency range of 
operation. This is because crystal filters, 
such as the KVG XF9B, at frequencies 
not too far from the center frequency, 
exhibit impedances between 5 and 10 
kilohms (see fig. 1). These resonant ef-
fects would significantly reduce the dy-
namic range of the preamplifier if the 
filter was not properly terminated. 

The best solution to the problem of a 
high dynamic range preamplifier is a 
high current field-effect transistor, type 
CP643 (Teladyne Crystalonics), in the cir-
cuit of fig. 2 where the input resistors can 
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added. In most cases input selectivity 
can be provided by a 1.6-MHz highpass 
filter and a 31-MHz lowpass filter, so 
the losses there do not have to be 
considered. 

the 250-ohm potentiometer, R1. Current 
drain is 30 mA. 



The complete rf input circuit, show-
ing the CP643 high dynamic range pre-
a m p l i f i e r , double-balanced mixer, 
2N5109 oscillator injection amplifier 
and 3N200 i-f amplifier is shown in fig. 
3. The injection amplifier accepts about 
200 mV input voltage from the local 
osci l lator and amplifies it to the 
required level for the double-balanced 
mixer. The grounded-gate CP643 has 14 
dB gain and is matched to the input of 
the KVG XF9B crystal filter. The 
3N200 i-f amplifier has enough gain and 
age action for most receiver designs. 

push-pull rf amplifier 
with wide dynamic range 

In many wideband, high dynamic 
range applications such as antenna dis-
tribution amplifiers, input rf amplifiers 
are required which combine extremely 
low distortion with low noise figure. In 
the past both voltage and current feed-
back have been used to counteract volt-
age and current distortion. The dis-
advantage of these circuits is that a 
stable input impedance can be achieved 
only over a relatively narrow band-
width.6 

Recent research has resulted in a new 

fig. 4. V h f power transistors are used in push-
pull circuit to obta in wide dynamic range 
shown in fig. 5. Transformers are tr i f i lar 
w o u n d on Indiana General F 6 2 5 - 9 - T C 9 toroid 
cores. 

wideband amplifier design2,7 which has 
extremely low vswr at both input and 
output as well as low noise figure. The 

fig. 3. Double-balanced mixer circuit which has a third-order intercept point at + 3 0 dBm. Oscillator 
requirement is - 1 to + 2 d B m ( 2 0 0 to 2 8 0 m V across 5 0 ohms). Age range is greater than 5 0 dB. 
Levels shown in parenthesis are for zero d B m ( 2 2 4 m V ) at input and zero age voltage. 
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INTERCEPT POINT-. 
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d3 = 3rd ORDER DISTORTION 
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-100 -80 -60 -40 -20 0 SO 40 60 80 

INPUT SIGNAL (dBm) 
fig. 5. Performance of the push-pull rf ampli-
fier shown in fig. 4. With an input of -27 
dBm (two-tone signal, 20 mV each), gain is 12 
dB, third-order distortion products are down 
100 dB and second-order I M D is down 10S 
dB. Third-order intercept point occurs at an 
input of about 22 dBm. 

second-order intermodulation products 
can be suppressed nearly 40 dB (over a 
single stage) by the push-pull arrange-
ment shown in fig. 4. Two linear vhf 
power transistors are used in the circuit, 
and depending upon the large-signal 
hand l ing requirements, either the 
2N5109 (RCA) or BFR95 (Amperex) 
may be used. Both of these devices have 
an F x of 1600 MHz. 

This circuit provides about 11 dB 
gain and exhibits exceptional freedom 

table 2. Measured third-order intercept point of 
several commercial high-frequency receivers. 

intercept 
receiver point 

Yaesu F T 1 0 1 -21 .5 d B m 
Ten-Tec Argonaut - 19 .5 d B m 
Collins KWM2/S-line -10 .0 d B m 
Signal l C X 7 - 5 . 0 dBm 
Collins R 3 9 0 A -4 .5 dBm 
Atlas 180/210 3.0 dBm 
Collins 6 5 S 1 13.0 dBm 
Racal R A 1 7 7 2 28.0 dBm 
Martin rf front end (fig. 3) 30.0 d B m 

from second- and third-order intermod-
ulation products, as plotted in fig. 5. 
The third-order intercept point occurs 
at an input of about 22 dBm. Three 
types of feedback are used: current 
feedback through the unbypassed 6.8-
ohm emitter resistor, voltage feedback 
through the unbypassed 330-ohm base-
to-collector resistor, and transformer 
feedback through a third winding on the 
wideband transformer to stabilize the 
input and output impedance. A mathe-
matical analysis of this circuit is pre-
sented for interested readers in the 
appendix. 

summary 
With very little effort the third-order 

intercept point of high-frequency re-
ceiver input stages can be increased far 
beyond the values of any commercial 
equipment now on the market. Table 2 
shows the third-order intercept point of 
several popular receivers presently being 
used by amateurs. 
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appendix 
Since voltage and current feedback may result 

in input and output impedances which may not 
suit the design requirements, a wideband toroidal 
transformer wi th a high-permeability core (such as 
Indiana General, F625-9-TC9) can be used to arbit-
rarily set these impedances. The schematic below 

Vo 

f7J 

shows an amplifier using a transformer wi th voltage 
and current feedback. The input voltage, Ve, input 
current, i(,, and input impedance, /<,, are given by 
the following equations 

'V = (k • i'0J + vbl. + iv 

i „ f 1 'be • Yli) + l'cb/Rk 

(k • Va)+ vbc + l'c 

1 >b. Yn) + v,b!Rk 

So long as the operating frequency is well below 
f x , emitter and collector current are the same. 
Therefore, the input impedance of the stage wi l l be 

Z, = Rk 

where A = Re + ) 
(Re + Rk)RL 

and the required value for the voltage feedback 
resistor, Rj,, is given by 

the amplification of the stage is given by 

A = 1 
RH(1+Rk/RL) 

K + 77" ^fe + RU 

Since it is advantageous to have a 50-ohm input 
impedance, and the output impedance of the stage 
is approximately 150 ohms, the collector winding 
is split to build a 4:1 transformer. Under these 
conditions the input impedance, Ze, output impe-
dance, Z0, and voltage gain, ,4, are given by 

A 

(k • RkJ + 

2L> 

Rn 

k 

The constant k, which determines the turns ratio 
between the base and collector coil (1:7:7 in fig. 
5), can only be an integer. To obtain optimum 
performance in many cases, therefore, one of the 
values may have to be a compromise. In the circuit 
of fig. 5 the output impedance was only 23 ohms 
so a 27 ohm resistor had to be placed in series to 
obtain the desired 50-ohm output impedance. 

ham radio 

capacitance meter 
Dear HR: 

I have receiver a number of queries 
regarding the programmable unijunction 
transistor used in the capacitance meter 
described in the April, 1975, issue of 
ham radio. The full part number of this 
device, which is manufactured by Texas 
Instruments, is A7T6028 (because of 
space limitations, the package is labeled 
AT6028). The 2N6027, 2N6028 and 
2N6118 are similar. 

Although I have not tried the Motor-
ola HEP S9001 programmable unijunc-

tion in the circuit, I have letters from 
K6MYA and WA3IFQ who say they had 
excel lent results with this device. 
Another possibility is the package of 
programmable unijunctions available 
f rom Radio Shack (part number 
276-119). 

The two series-connected 0.005 P 
capacitors in the circuit may be replaced 
by a single 0.0025 (jlF capacitor. This 
apparently has caused some confusion. 

Courtney Hall,WA5SNZ 
Dallas, Texas 
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solid-state 
communications receiver 

A five-band 

amateur-band receiver 

which features J3 

an active 

balanced mixer front end 

for improved 

interrnodulation performance 
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Radio amateurs in Itaty live in a special 
purgatory. The American ham maga-
zines show us the beautiful equipment 
which is available, but customs duties 
and air shipment add about 100 per 
cent to the list price. This is probably 
one reason why we have a larger per-
centage of homebrew equipment here in 
Italy. 

My first solid-state receiver1 had been 
working fairly nicely, but I wanted 
something with a little better dynamic 
range, especially on 7 MHz as broadcast 
stations on this band are a little more 
bothersome here in Europe. A receiver 
with better cross modulation and block-
ing characteristics would help. The re-
ceiver described here seems to have 
achieved this objective, although I am 
an inveterate experimenter and will no 
doubt make a few changes. My friend 
Luciano, I5FLN, who duplicated my 
circuitry and packaged it very nicely, 
calls his copy the 5-Band DXCC reveiver 
(see photo above). He has worked over 
150 countries on 7-MHz ssb. My re-
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ceiver isn't as pretty - I was too im-
patient to hear the results! 

The receiver uses a mixture of U.S. 
and Philips transistors which I accumu-
lated, but I have suggested alternate 
types which are readily available in the 

A balanced mixer following the filter in-
sures that local oscillator noise is down 
some 30 dB. The vfo covers 5.0 to 5.5 
MHz and effects the first conversion on 
80 and 20 meters; for reception on 40, 
15 and 10 meters the vfo is heterodyned 

States. Enterprising amateurs should 
have no trouble substituting equivalents 
from the myriad of types available. Per-
formance characteristics of the receiver 
are listed in table 1. 

circuit description 
A block diagram of the receiver is 

shown in fig. 1. The signal at the an-
tenna first goes through bandpass filters, 
one for each band. Each filter consists 
of three capaeitively-coupled tuned cir-
cuits which use high-Q toroids to reduce 
losses and suppress out-of-band signals. 

This article was translated for ham radio 
by Josef Darmento, W4SXK. He reports 
that Piero is an engineer with a major 
electronic manufacturer in Florence, and 
that his ham shack is full of "auto con-
structed" (homebrew) equipment includ-
ing some test instruments. Joe visited 
Piero in the fall of 1974 and had an 
opportunity to use the receiver described 
in this article. As Joe tells it, it was pure 
pleasure, but "how much was due to the 
receiver and how much was due to a dif-
ferent environment would be very diffi-
cult to evaluate." 

w i t h c rys ta l oscillators for mixer 
injection. 

The output of the balanced mixer is 
applied to a 9-MHz crystal f i l ter, a KVG 
XF9E. This is an 8-pole filter wi th a 
6-dB bandwidth of 2.4 kHz, a shape 
factor of 1.8 and stopband attenuation 

table 1. Performance 
tions receiver. 
Frequency coverage 
Sensitivity 

AGC range 

Desensitization 

Intel-modulation 

of the ISTDJ communica-

80 through 10 meters 
0.25 jUV for 10 dB 
signaf-p(us-noise-to 
noise ratio 
110 dB (3 dB increase in 
audio for antenna signal 
increasing f r o m 1 jUV 
to 300 mV) 

70 mV ( - 1 3 dBm) signal 
±100 kHz f r om desired 
0.25 MV ( - 1 1 7 dBm) 
signal lowers signal-to-
noise ratio f r om 10 dB to 
3 dB 

Wi th 5 mV ( - 3 3 dBm) 
signals ±50 kHz f rom de-
sired 0.2 jUV ( - 1 2 1 dBm) 
signal, d is to r t ion pro-
ducts are 88 dB below 
the interfer ing signals. 
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.015 
8 PLACES 

+IZV 3.5 7 20 5 29 

ANT. 

F L 1 3 . 5 - 4 . 0 M H Z 1 4 . 2 ^ H , 5 9 turns 

no. 28 (0.03mm); 

12-turn link 

F L 2 7.0-7.3 M H z 2.3 /JH. 23 turns 

no. 24 (0.5mm); 

5-turn link 

F L 3 14.0-14.5 M H z 0.97 / iH. 16 turns 
no. 22 (0.6mm); 
3-turn link 

FL4 21.0-21.5 MH2 0.48 JUH. 10 turns 

no. 22 (0.6mm); 

2-turn link 

F L 5 28.0-29.7 M H z 0.48 /JiH. 10 turns 

no. 22 (0.6mm); 

2-turn link 

Same as L I , Same as L I , 130 

no link tap 42 turns 

f r om ground 

Same as L I , Same as L I , 200 8.2 200 8.2 200 

no link tape 17 turns 

f r om ground 

Same as L I , Same as L I , 120 3.9 120 3.9 120 

no (ink tap 10 turns 

f r om ground 

Same as L I , Same as LI, 120 3.3 120 3.3 120 
no link tap 7 turns 

f r om ground 

Same as L I , Same as L I , 60 2.2 60 2.2 60 

no link tap 7 turns 

f r om ground 

Note: Al l inductors for F L 1 and F L 2 are wound on A m i d o n T50-6 toroid cores; inductors for F L 3 

F L 4 and F L 5 are wound on Am i don T50-10 toroid cores. 

T 1 10 turns no. 32 (0.2mm), tr i f i lar wound on Am idon T50-6 toroid core 

T 2 Pr imary is 22 turns no. 28 (0.3mm), evenly distributed on Am i don T50-6 toroid core; secon-
dary is 7 turns no. 28 (0.3mm) over center of primary winding 

fig. 2. Input filters, balanced mixer and 9-MHz amplifier. Filter capacitor values are in pF. Con-

struction of this module is shown in fig. 3. 

greater than 100 dB. A 9-MHz fet ampli-
fier follows and a second fet mixer con-
verts the 9-MHz signal to 455 kHz for 
application to a 2.7 kHz wide Collins 
mechanical filter. Crystal oscillators at 
8545 and 9455 kHz provide sideband 

selection and are selected automatically 
with the bandswitch in accordance with 
current convention. A 455-kHz i-f am-
plifier, balanced diode detector, age and 
an audio IC complete the picture. All 
circuitry derives power from an adjost-
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able, regulated + 12 volt power supply. 
Total current drain is about 375 mA. 

construction 

As indicated in the previous descrip-
tion, the receiver contains nothing new 
or startling. However, it is in the con-
struction that careful attention to detail 
pays off. The receiver was built in 
modules, each module housed in a 

mixer are on four small boards grouped 
around the bandswitch. The 9-MHz 
amplifier is further isolated in its own 
smaller box (see fig. 3). Bandpass filters 
F1 and F2 are on one board, F3 and F4 
are on a second board, F5 is on a third 
and the balanced mixer is on a fourth. 
The objective here was to realize the 
maximum attenuation capability of the 
filters. 

fig. 3. Mixer module showing the input filters (left) and 9-MHz amplifier (separate enclosure at 
right). The balanced mixer is on the vertical board in the center. 

177x145x49mm (7*5.7x2 inch) high 
aluminum box, a commercially available 
size. Subdivisions within the boxes con-
tain the functional sections, each on a 
piece of one-sided copper fiberglass cir-
cuit board. This was done to facilitate 
system modification. Modular construc-
tion also contributes to greater freedom 
from spurious products. All power leads 
enter the modules through 1500-pF 
feedthrough capacitors. Signal inter-
connections are by phone jacks. 

mixer module 

The input filters and the balanced 

Transformer T1 is trifilar wound 
wi th a single primary and two second-
aries in series. Transistors Q1 and Q2 
should be selected for equal drain cur-
rent with the gate at zero volts. The 
small box with the 9-MHz amplifier is 
completely shielded and isolated with a 
bottom and top cover of tinned copper 
sheet and is fastened with epoxy to the 
larger aluminum box. Only thus was I 
able to realize the maximum attenua-
tion capabilities of the KVG filter; the 
filter itself is mounted externally. The 
gain of Q3 is age controlled. Note that 
the leads carrying band-change informa-
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fig. 4. Circuit of the 455-kHz i-f module. The mechanical filter, Fl_1, is a Collins F455Z7. T1, T2 
and T3 are miniature 4SS-kHz i-f transformers (see text). Module construction is shown in fig. 5. 

tion enter the module through feed-
through capacitors. 

455 kHz module 
The 455-kHz amplifier is on a single 

board (see figs. 4 and 5). The Collins 
filter provides good isolation between 

input and output so no elaborate pre-
cautions are necessary. I mounted the 
transistors in sockets for easy substitu-
tion. The four diodes used in the pro-
duct detector, CR4-CR7, are Phillips 
AAZ15 (1N270) selected for equal for-
ward resistance. The BF175 transistors. 

a ® 

fig. 5. The 455-kHz 
i-f module. The Col-
lins mechanical fil-
ter is at right. 
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fig. 6. The 5.0-5.5 MHz vfo for 
the five-band receiver. LI is 34 
turns no. 24 (0.5mm) on an Ami-
don T50-6 toroid core. Vfo con-
struction is shown in fig. 7. 
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Q3 and Q4, are rf types with gain which 
diminishes with increases in collector 
current. The Fairchild 2N4134 or HEP 
S0017 are good substitutes; these types 
may also be substituted for the BC209 
and EC209. Note that transistor Q5, a 
BC154, is a pnp type; a HEP S0019 may 
be used instead. 

Transformers T1, T2 and T3 are slug-
tuned Siemens transformers — actually a 
bit large (25mm square) for this applica-
tion. The J. W. Miller series 2031 i-f 
t ransformers only 0.5 inch square 
(12.5mm) might be more f i t t ing if you 
have small fingers. The bfo may be 
crystal controlled if desired; its fre-
quency, of course, will depend on the 
filter used in the receiver. 

fig, 7. Construction of the 5.0-5.5 MHz vfo. A 
5:1 planetary drive provides smooth tuning. 

vfo module 
The vfo is in a box which I 

strengthened by various methods to 
achieve mechanical rigidity (see figs. 6 
and 7). The components are on a small 
fiberglass board except for the small 40 
pF variable capacitor. The 68 pF NPO 
affords temperature compensation and 
the 20 pF trimmer sets the band center. 
A 5:1 planetary drive gives nice easy 
tuning. A digital readout would have 
been even nicer, but would use a lot 
more power. Toroid L1 is installed edge-
wise on the board by its leads and a 
small dab of epoxy. I5FLN used a 
Drake vfo which makes an excellent 
substitution with less work. 

vfo converter 
The circuitry and construction of the 

vfo converter module are shown in figs. 
8 and 9. The 5.0-5.0 MHz vfo signal at 
the vfo input goes directly to amplifiers 
Q5 and Q6 when the bandswitch is on 
3.5 or 14 MHz. When applied to the bal-
anced mixer the product is at 9 MHz. 
When the bandswitch is on 7, 21 or 28 
MHz the vfo signal is mixed with the 
output of an fet crystal oscillator and 
filtered before being applied to Q5 and 
Q6. Two crystal oscillators at 28 and 
28.5 MHz cover important segments of 
the 10-meter band. The filters suppress 
undesired products from the diode 
mixer, CR7-CR10. These diodes should 
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fig. 9. The vfo converter module. Filter pairs LS-L6, L7-L8 and L9-L10 are on the board in the 
foreground. Crystal oscillators are at the far right. 

fig. 8. Vfo converter (left). All switching is 
accomplished with semiconductor diodes. 
Crystals are parallel resonant with a 32 pF 
load; Y2, Y 3 and Y4 are third-overtone types. 
Construction of the module is shown in fig. 9. 

CR1-CR6 1N914 or equivalent 
CR7-CR10 Selected 1N270 diodes (see text) 
CR11-CR17 1N914 or equivalent 
L1-L4 0 . 6 fJLH ( 1 0 t u r n s no. 22 

( 0 . 6 m m ) enamelled on 3 / 8 " 
( 9 m m ) d i a m e t e r slug-tuned 
forms. L ink is 3 turns no. 22 
(0 .6mm) 

L5 .L6 1 .2 H H . 20 t u r n s no. 28 
(0.3mm) on 3 / 4 " (9mm) diam-
eter slug-tuned forms 

L7-L10 0.6 MH (same as L I - L4) 

T l , T2 10 turns no. 32 (0 .2mm), t r i f i lar 
wouna on « m i a o n rS0-6 to ro ld 
core 

T3 10 turns no. 32 (0 .2mm), t r i f i lar 
wound on A m i d o n T50-6 to ro id 
core. Collector wind ing has two 
windings In series to give 2 : 1 
rat io 

be carefully selected for equal (±20 mV) 
voltage drop at varied values of current, 
say 0.75, 2, 10 arid 20 mA. This is a 
must if you want oscillator attenuation 
of 30 to 40 dB. 

The four fet oscillators are on one 
board and are energized by +12 volts 
from the bandswitch; diodes CR1-CR4 
select the output. Drain coils L1, L2, L3 
and L4 are wound on slug-tuned forms. 
The wideband trifilar transformers, T1 
and T2, are on a second board with the 
diode mixer. The next board has the 
three filter pairs, L5-L6, L7-L8, and 
L9-L10 . Each pair is inductively 
coupled by mounting the two coils 
about one diameter (9mm or 0.4 inch) 
apart. Input and output for the f i l ters is 
via CR11 through CR17. 

The fourth board has wideband 
amplifiers Q5 and Q6. The BFY63 tran-
sistor is a high-gain rf type which may 
be replaced by a HEP S0014. Since my 
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design called for amplification from 5 to 
39 MHz I used as short leads as possible 
and ceramic capacitors. L11 is a small rf 
choke and consists of 20 turns or so on 
a 5mm (0.2 inch) ferrite rod. T3 is wide-
band and trif i lar wound. 

audio and power 
Fig. 10 shows the rest of the receiver 

and fig. 11 the interconnecting diagram. 

alignment 
After installation in their respective 

modules, I initially set most of my 
toroids wi th a grid dipper coupled with 
a one-turn loop, and a receiver for fre-
quency accuracy. The job is simplified if 
you have a frequency counter. A slight 
loosening or tightening of the wire wil l 
bring the toroid to desired resonance. 
For a visual indication I used a vtvm 

LB 

fig. 10. Audio amplifier and regulated power supply. A three-terminal 12-volt IC 
regulator such as the 7812 may be used, if desired. L I and L2 are each 20 turns no. 
18 (1mm) on a 5 m m (0.2 inch) ferrite rod. 

I did not bother enclosing the audio sec-
tion or power supply. Since I am not a 
high-fidelity addict I used an audio IC 
which gives adequate volume for ear-
phones or speaker. The TAA621 IC pro-
vides about 1 watt output with a 12-volt 
supply; an HEP C6093C or MC1454G 
may be substituted. L1 is a 5mm (0.2 
inch) ferrite rod with 20 turns number-
18 (1mm) wire; it and the two capaci-
tors inhibit rectification of strong out-
of-band rf signals (L2 in the power 
supply is the same). 

I rewound an old transformer to give 
me about 12 volts and added a simple 
regulator. If you have a three-terminal 
vo l tage- regu la to r IC such as the 
MC7812, by all means use it. 

wi th an rf probe. For the input filters I 
put the probe on the gate of Q1 and set 
the ±1 dB points of the filters as follows: 

FLL 3 . 5 - 3 . 8 MHZ 
F L 2 7 . 0 - 7 . 3 MHZ 
F L 3 1 3 . 9 - 1 4 . 5 MHZ 
F L 4 2 1 . 0 - 2 1 . 5 MHZ 
F L 5 2 8 . 0 - 2 9 . 5 MHZ 

For inductances L1, L2, L3, L4 and L5 
(fig. 8) I coupled the receiver to T1 and 
energized the respective oscillator. The 
probe on the hot side of T1 indicated 
about 0.5 volt for each oscillator as each 
coil was adjusted to resonance. Adjust-
ment of the three filters is more easily 
done with vfo injection; alternately, a 
signal generator and rf voltmeter may be 
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used to set their - 3 dB response as 
follows: 

L5-L6 16.0 - 16.3 MHz 
L7-L8 30.0-30.5 MHz 
L9-L10 37.0-38.0 MHz 

I used a calibrated receiver to set the 
center of the vfo excursion with the 20 
pF trimmer; rf output was 0.6 volt. I 
connected the vfo to the converter in-
put connector and temporarily installed 

receiver S+N/N at 10 dB. I then intro-
duced two more signals to the antenna, 
5 mV each, at 28.75 and 28.8 MHz. The 
receiver output remained at 10 dB, i.e., 
distortion products were 88 dB below 
the two interfering signals. 

For the blocking check I used one 
signal generator as before, 0.28 (X\f 
(-117 dBm) on 28.7 MHz, then intro-
duced a second generator and adjusted 

a 47-ohm, Vi watt resistor across the 
output jack. With the rf probe at this 
point and the bandswitch set on 80/40 I 
measured about 2 volts. The filters and 
drain inductances may be touched up so 
that the output stays at about 2 volts at 
any setting of the bandswitch. After 
interconnecting the other modules I 
made final adjustment following normal 
receiver alignment procedures. 

It might be interesting at this point 
to describe how I measured intermodu-
lation and blocking. For the intermod-
ulation check I set one signal generator 
for 0.2 juV on 28.7 MHz and measured 

its frequency 100 kHz above, and 100 
kHz below 28.7 MHz. In each case I 
advanced the amplitude of this second 
generator until the output S/N ratio 
deteriorated; when the amplitude was 
advanced to 70 mV the S/N ratio de-
creased to 3 dB. 

references 
1. P. Moroni, I5TDJ, "A Solid-State Commu-
nications Receiver," CQ, December, 1970, 
page 17. 
2. W. Sabin, "The Solid-State Receiver," 
QST, July, 1970, page 35. 
3. T. Swift, "Low Cost Instant Circuit 
Board," ham radio, August, 1971, page 44. 
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low-cost 

1296-MHz preamplifier 

Low-noise, 

high performance 

1296-MHz stripline 

preamplifier uses 

new Motorola MRF-901 

microwave transistor 

A welcome side effect of the FCC's 
recent allocation of frequencies near 
960-MHz to the Land Mobile Radio Ser-
vice is the introduction by semicon-
ductor manufacturers of low-cost, high 
quality active devices for the low end of 
the microwave spectrum. This techno-
logical revolution has proved to be a 
b o o n t o amateur activity in the 

1296-MHz band by bringing state-of-
the-art components within the price 
range of microwave experimenters for 
the first time. This article presents con-
struction details and performance data 
on a pair of preamplifiers for 1296 MHz 
which use the low-noise (under 2 dB), 
low-cost (under $10.00) Motorola 
MRF901 microwave transistor. Future 
developments will undoubtedly bring us 
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a multitude of transistors offering supe-
rior performance and/or lower cost. 

Numerous previous articles1"5 have 
covered the design and construction of 
high qua l i t y preamplifiers for the 
1296-MHz amateur band. These ampli-
fiers used outstanding transistors from a 
number of different manufacturers. De-
signed primarily for military and aero-
space applications, this generation of 
microwave transistors is characterized 
by high reliability over a wide tempera-
ture range, hermetic construction fea-
turing a ceramic case with gold-plated 
leads, and (without exception) a cost far 
beyond the financial resources of the 
average experimenter. 

The new transistors developed for 
the 960-MHz Land Mobile Band, with 
plastic cases and tinned-copper leads, 
are admittedly less rugged than their 
military predecessors; storage tempera-
ture is not above 150°C, breakdown volt-
ages are lower and derating curves are 
steeper. These devices are, after all, in-
tended for commercial service. Their 
reliability is, however, wholly adequate 
for an extended life in intermittent ama-
teur service, and their electrical per-
formance at 1296 MHz compares favor-
ably with that of earlier devices costing 
an order of magnitude more. 

design trends 

Early solid-state uhf preamplifiers de-
signed for amateur use achieved input 
and o u t p u t impedance matching 
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through the use of pi networks com-
posed of piston trimmer capacitors and 
slab inductors. This approach, typified 
by the designs of Katz1 and Vilardi,2-3 

assured a proper impedance match re-
gardless of the transistor characteristics 
because of the pi network's unique abil-
ity to "match anything to anything," 
Unfortunately, the pi network's very 
versatility made it diff icult for the ama-
teur who lacked the proper test equip-
ment to know exactly when his ampli-
fiers were tuned for optimum perform-
ance. Additionally, extensive tweaking 
of the input and output circuits made it 
possible to inadvertently adjust the 
amplifier into a condition of instability, 
with the resulting oscillations ultimately 
destroying the fragile transistor. 

The m i c r o s t r i p l i n e designs of 
Donecker4 and others changed all that. 
All matching transformers and reac-
tances were etched onto a printed-circuit 
board, with no tuning adjustments 
whatever, so there was no need to opti-
mize an amplifier on expensive test 
equipment. This approach made it prac-
tically impossible to destroy a transistor 
by inadvertently mismatching it. On the 

90* • jl.O 

fig. 2. Input reflection coefficient, 5 j j and 
output reflection coefficient, S22 ,vsfrequency 
for the Motorola MRF-901 . 

other hand, the lack of tuning adjust-
ments made it impossible to compensate 
for minute differences between compo-
nents or printed-circuit boards. And, 
since a board was computer designed to 
the parameters of a particular transistor, 
the experimenter had little opportunity 

vcc « 6 VOC 

lc • 5 mA 

.2 .4 6 .8 10 1.2 14 J.6 I B 2 0 
FREQUENCY (GHz) 

fig. 1. Noise figure vs operating frequency for 
the Motorola MRF-901 transistor. 

to modify the design so he could use a 
different, more readily available device. 
In fact, some attempts to substitute 
transistors on the same circuit board led 
to a net degradation of the system noise 
figure to that of a simple diode mixer. 

I attempted to rectify these limita-
tions in my preamplifier designs by 
incorporating "tweaking" capacitors in-
to a printed microstripline design.5 By 
allowing one input and one output ad-
justment per stage, an amplifier is easily 
optimized, while lessening both the test 
equipment requirements and the likeli-
hood of circuit instability. The same 
design approach is used in the preampli-
fiers presented here. 

There is, however, one situation 
where the pi network matching techni-
que still excels. For optimum system 
performance, it is necessary to match 
the input to the first preamplifier stage 
for optimum noise figure, not optimum 
gain. Optimum noise figure is achieved 
by deliberately and precisely mismatch-
ing the applicable input. Most rf transis-
tor manufacturers publish curves or 
tables of complex impedances for pro-
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per input and output power match. Un-
fortunately, proper mismatch informa-
tion for optimizing noise figure is sel-
dom provided. Thus, it may be desirable 
to use a wide-range pi network at the 
input of the first preamplifier stage so 
that the source reflection coefficient at 

figure optimized amplifiers around this 
transistor, and performance has consis-
tently measured 2.8 dB (with the pre-
amplifier looking into a high-quality 
double-balanced mixer). The 0.7 dB dis-
crepancy is due, of course, to the famil-
iar second-stage noise contribution, 

C1,C2 

C3,C4 
C5 

F B 

FT 

Z l , Z4 

MPF9 01 Z3 Z 4 

f 
I Z5 

5 ^ 

m I 

0 BIAS 

Dc block. 50-150 pF ch ip capacitor 
(ATC 100B or equivalent) 

1-5 pF piston t r immer (Johannson 
JMC4642 or T r i ko 201-01M) 

Z2 

Z3 

Ferr i te bead, slipped over 
lead 

resistor 

470-1000 pF feedthrough capacitor 

50 o h m 
( 2 . 5 m m ) 
length 

m icr ost r i p I i n e , 0 .1" 
wide, any convenient 

fig. 3. Schematic of the 1296-MHz preamplifier, 

stage (see text). Quiescent collector current is 5 

power-gain stage. Full-sized printed-circuit layout 

'cc "OK 5 mA) 

3 2 . 4 o h m , quar te r -wave leng th , 

microstr ip l ine, 0 . 2 0 " (5mm) wide, 

1 .15" (29mm) long 

74.8 ohm, quarter-wavelength micro-

str ipl ine, 0 .045" ( l m m ) wide, 1 .24" 

(31,5mm) long 

Z5 , Z 6 R f c h o k e . 1 0 0 ohm, quarter-

wavelength microst r ip l ine, 0 . 0 2 " 

(0 ,5mm) wide, 1 . 2 5 " (32mm) long 

Z7, Z8 R f s h o r t , 25 o h m , q u a r t e r -
wavelength open-circui ted micro-
s t r i p l i n e , 0 . 3 0 " (7 .5mm) wide, 
1 .14" (29mm) long 

Capacitor C 3 is used only wi th the noise-matched 

m A for the noise-matched stage, 10-mA for the 

is shown in fig. 5. 

which noise figure is minimum can be 
empirically achieved. 

transistor characteristics 

Fig. 1 shows the manufacturer 's 
claimed noise figure as a function of 
operating frequency for the MRF-901 
transistor. At 1296 MHz the device is 
capable of delivering a noise figure be-
low 2.1 dB. I have built several noise-

which was summarized quite well in the 
appendices to Reisert's recent article on 
432 MHz preamplifiers.6 Working 
through the textbook formula, it is 
found that the noise-figure optimized 
MRF-901 stage's intrinsic noise figure is 
on the order of 2.3 dB. Thus, the losses 
and mismatch errors inherent in this de-
sign still yield performance within 0.2 
dB of optimum. 
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The specification sheets for the 
MRF-901 list input and output reflec-
tion coefficients ( S n and S 2 2 ) in polar 
form, tabulated for numerous combina-
tions of frequency, power supply volt-
age and quiescent collector current. The 
two static conditions of greatest interest 
to the amateur are 10 volts at 5 mA (for 
a noise-matched first amplifier stage), 
and 10 volts at 10 mA {for a gain-
optimized second preamplifier stage), as 
discussed in a previous article.5 Reflec-
tion coefficients corresponding to these 
bias conditions were plotted on a Smith 
chart, then connected with a smooth 
curve as shown in fig. 2. The design 
parameters for the 1296 MHz preampli-
fiers were determined from interpola-
tion of this Smith chart data. 

design procedure 
Two preamplifier stages are discussed 

here, one optimized for noise figure, the 
other for power gain. The gain-matched 
second stage was designed along lines 
analogous to that described in my previ-
ous articles. No noise-matched reflec-
tion coefficients were available from 
Motorola for the MRF-901, so a pi net-
work was included in the input to the 
noise-figure matched stage, as discussed 
previously. 

Fig. 3 is a functional schematic of 
the 1296-MHz preamplifier stages (the 

fig. 4. Typical power gain and noise figure of 
the 1296-MHz preamplifier as a funct ion of 
collector current. 

only differences between the stages 
optimized for noise figure and gain are 
the quiescent collector current [5 and 
10 mA, respectively], and the use of an 
additional input matching capacitor, C3, 
in the noise-matched stage). 

The system noise figures of several 
gain-matched 1296-MHz preamplifiers 
I've built with MRF-901 transistors ail 
measured between 3.2 and 3.5 dB, while 
yielding 12 to 14 dB of power gain. 
Thus, for all but the most critical appli-
cations, the use of a noise-figure 
matched first preamplifier stage may 
not be necessary (see fig. 4). 

construction 
Fig. 5 is a full-sized printed-circuit 

layout for either preamplifier stage. The 
only visible difference between the gain-

MtttSK'DI&fSOHtlM I I 2 9 6 MHZ P R E & M P 

fig. 5. Full-sized printed-circuit board for the 1296-MHz preamplifiers using M R F - 9 0 1 transistors. 

Component layout is shown in fig. 3. 
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matched and noise-matched stages is the 
incorporation of a variable capacitor, C3, 
in the noise-matched stage. Note, how-
ever, that the quiescent collector cur-
rent differs between the two stages. 
More on this later. 

The amplifiers are built on 1/16 inch 
(1.5mm) G-10 fiberglass-epoxy circuit 
board, double-clad with 1 ounce copper. 

\T/ FEEDTHRU \ Y/ FEEDTHRU 
JJl 470-IOOO pF )|( 4V0-I000 pF 

TO BASE TO COLLECTOR 
OF AMPLIFIER OF AMPLIFIER 

TRANSISTOR TRANSISTOR 

fig. 6. Zener bias c ircuit, developed by 
W 1 J A A , for use with transistor preampli-
fier stages. F o r 10 m A collector current, 
R t = 120 ohms; for 5 m A collector cur-
rent, R1 = 2 4 0 ohms. 

I still receive occasional letters from 
readers who question my repeated use 
of glass-epoxy material at 1296 MHz. I 
will concede that the 0.2 dB excess 
noise figure above optimum which I 
have mentioned previously may be due 
to losses in the substrate. However, I 
feel that 0.2 dB is a small price to pay 
for the convenience and ready avail-
ability of this low-cost printed-circuit 
material. 

Construction of these amplifiers is 
substantially the same as that of my pre-
viously published circuits. If you are 
unfami l iar with the fabrication of 
microstripline amplifiers, you are urged 
to refer to reference 5 for specific con-
struction hints, as well as suggestions for 
tuneup and operation. That material is 
not repeated here. 

bias circuit 
The zener bias circuit introduced by 

Reisert6 is not only simpler but also 
electrically superior to the active bias 
scheme I used in some of my earlier de-

signs. Reisert's circuit is presented in fig. 
6 along with component values for the 
two required bias conditions. I refer the 
interested reader to his very fine article 
for a complete description of the opera-
tion of this bias circuit. 

One appealing feature of this biasing 
scheme is that the power supply voltage 
can be varied upward or downward, as 
required, to optimize the stage for gain 
or noise figure. In this manner the per-
formance of the preamplifier can be 
readily tailored to the requirements of 
the system in which it is installed. 

conclusion 
As the commercial microwave com-

munications industry expands, sophisti-
cated amplifiers have come within the 
reach of the average amateur experi-
menter. For those who prefer not to 
build their own equipment, low-cost 
1296-MHz preamplifier modules are 
now available. A commercial version of 
the gain-matched stage, featuring a guar-
anteed maximum noise figure of 3.2 dB 
is currently available for under $40 from 
Microcomm.* 

*For full specifications send a self-addressed, 
stamped envelope to Microcomm, 14908 
Sandy Lane, San Jose, California 95124. 
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low noise figure 
28-30 MHz preamplifier 
for satellite 

reception 

Inexpensive 

dual-gate mosfet 

circuit provides 

20 dB gain 

and typical 

1.0 dB noise figure 

Most modern communications receivers 
for the 28-30 MHz range are designed 
with dynamic range as the primary goal. 
Low noise figures generally require 
more gain ahead of the mixer and hence 
decrease the dynamic range. Further-
more, noise figures below 10 dB are sel-
dom usable at these frequencies because 
the local ambient noise usually is the 
limiting factor for weak-signal detection. 

Satellite reception and vhf/uhf con-
verters usually require lower noise fig-
ures than the typical communications 
receiver will provide. Therefore, for 
these applications it's necessary to in-
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stall a low-noise preamplifier ahead of 
the receiver. A suitable preamp which is 
inexpensive and easy to build is de-
scribed in this article. It has proven to 
be a workhorse for many Oscar 6 and 7 
operators and has also been used as a 
low-noise i-f preamp for use with vhf 
and uhf converters. 

Many of the requirements for low-
noise preamplifier design were discussed 
in an earlier article1 and will not be reit-
erated here. Field-effect transistors were 
the prime candidates for this application 
because they are inexpensive, readily 
available, and yield low intermodulation 
distortion. 

circuit discussion 
The three preamplifier configurations 

shown in fig. 1 were evaluated to deter-
mine which was the most suitable for 
low-noise operation at 28-30 MHz. 
Models of each were built and tested. 
The grounded-source circuit (fig. 1A) 
was discarded since it required neutrali-
zation for unconditional stability. Load-
ing the drain circuit helped, but gain 
had to be reduced considerably before 
complete stability was obtained. 

Next, the grounded-gate circuit (fig. 
1B) was tried. Although it was stable, 
gain was lower than expected and the 
noise figure was slightly higher than the 
grounded-source configuration. Thecas-
code circuit (fig. 1C) seemed to fill the 
bill; low noise, high gain and stability 
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were easily obtained using two single 
jfets or a dual-gate mosfet. 

Noise figures of 1.5 to 2.0 dB were 
relatively easy to obtain with this cir-
cuit. The optimum source (input) im-
pedance is 2 to 4000 ohms. After calcu-
lating the unloaded and loaded Q of 
such circuits (fig. 2A), I concluded that 
the noise figure was limited by input cir-
cuit losses, not device limitations. I tried 
the L-network input circuit (fig. 2B) 
and was pleasantly surprised by the re-
sults. The circuit losses were definitely 
lower. An rf choke which is parallel 
resonant at the operating frequency was 
used in the final configuration shown in 
fig. 2C. This method of matching is one 

NEU TftAL IlING 

INPUT 

OUTPUT 

1 

^ (MOUNDED SOURCE 

INPUT 
# f n e 

Q GROUNDED GATE 

OUTPUT 

fig. 1. Fet preamplifier circuits which were 
evaluated for use as a low-noise 28-30 MHz 
preamplifier. Cascode circuit at (C) provides 
low noise, high gain and good stability. 

Construction of the low-noise 28-30 MHz pre-
amplifier. Note thai the toroidal input and 
output transformers are installed at right 
angles to one another. 

of the secrets to the low noise figure of 
this preamplifier. 

device selection 

The original circuit (fig. 1A) used a 
jfet. The Siliconix E300 and popular 
2N4416 transistors worked equally well. 
These devices also worked well in the 
cascode circuit (fig. 1C). The Fairchild 
FT0601, a dual-gate mosfet, worked as 
well in the cascode circuit as the E300 
types. Typical noise figures of 1.25 to 
1.75 dB were easily obtained but the 
real surprise came when the inexpensive, 
diode-protected, dual-gate RCA 40673 
mosfet was tried in the circuit. It con-
sistently yielded lower noise figures 
than any of the other devices I tested: 
typical measured noise figures were less 
than 1.0 dB. 

circuit description 

The original preamplifier circuit had 
limited publication in March, 1972, and 
was revised a year later.2 A complete 
schematic of the latest version is shown 
in fig. 3. The input network is as de-
scribed earlier. RFC1 is parallel resonant 
at 28-30 MHz; values of 15 and 30 
microhenries should be usable with little 
degradation. Inductors L1 and L2 are 
low-loss toroidal coils wound on Ami-
don cores, are small, and provide high 
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Q. Hence there is very l i t t le mutual 
coupling between the input and output 
circuits. Capacitor C1 allows optimiza-
t ion of noise figure and usually can sim-
p ly be peaked for maximum gain. 
Capacitor C2 tunes the output circuit to 
the desired operating frequency. The 
circuit values shown in the schematic 
will permit operation from about 25 to 
35MHz wi thout any component changes. 

Attention is called to the use of a 
ferrite bead on the gate 2 lead to the 
mosfet, Q1. Careful testing revealed that 
most dual-gate mosfets tend to oscillate 
at uhf, typically at 750 to 900 MHz. 
This can be readily observed on a uhf 
spectrum analyzer. The reason for this is 
easily understood when you consider 
that there is a small, finite inductance 
present between gate 2 of the semicon-
ductor dice and the outside of the tran-
sistor package. Al l attempts to bypass 
this lead were unsuccessful. The ferrite 
bead, however, did the trick since it 
essentially puts a lossy element on the 
lead and suppresses the uhf oscillation. 

This same oscillation effect has also 
been observed on other dual-gate mosfet 
preamplifiers operating at frequencies as 
high as 500 MHz. In all cases a ferrite 
bead on the gate lead solved the problem. 

Resistor R2 can be added to the cir-
cuit, if desired, to increase bandwidth 
with a small sacrifice in overall gain. Di-
ode CR1 is an idiot diode which pre-
vents damage to the mosfet if the power 
supply polarity is accidently reversed. 

construction 

Construction of the 28-30 MHz low-
noise preamp is very straight forward 
and is similar to that used for the low-
noise uhf preamp described in reference 
1. A small section of double-sided 
printed-circuit board is attached to the 
cover of a small aluminum box (such as 
the Pomona 2417). BNC connectors are 
used for the input and output. The use 
of toroidal inductors eliminates the 
need for any shield if the input and out-
put inductors are located at opposite 

ends of the box and are oriented at right 
angles to one another. Further construc-
tion details are shown in the photograph. 

Although the RCA 40673 is a diode-
protected mosfet, care should be exer-
cised when handling the device to pre-
vent any possible damage f rom static 
electricity. The best procedure is to first 
grasp the device by the case and then 
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fig. 2. Input circuit configurations. Losses in 
the tapped, parallel-resonant circuit at (A) 
measureably Increased the noise figure. L-
network at (B) resulted in lower circuit loss. 
The circuit at (C), which uses a parallel-
resonant rf choke, provided best performance 
and was used in the final preamplifier design 
shown in fig. 3. 

pick up the circuit board. With this 
technique the potentials are equal and 
the mosfet leads can be safely soldered 
into the circuit. 

Any low-loss trimmer capacitors may 
be substituted for C1 and C2. The mini-
ature JFD units I chose were based on 
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the small size needed to package the cir-
cuit in the Pomona 2417 enclosure. 

operation and test 
For final checkout the input to the 

preamp should be terminated with a 
50-ohm resistor, a noise generator or a 
28-30 MHz antenna. The output can be 
connected to a receiver or i-f amplifier, 

This preamplifier has been widely 
duplicated, both for reception of Oscar 
6 and 7, and as a low-noise i-f preamp 
between vhf/uhf converters and a com-
munications receiver. Gain is typically 
20 to 25 dB and the highest noise figure 
I've seen is 1.25 dB. Most preamps have 
a maximum noise figure of 1.0 dB and 
some have measured as low as 0.7 dB. 

•40673 
BOTTOM /IE* 

C I 20 p F tr immer ( J F D D V J 3 0 0 or equiv-
alent ceramic t r immer) 

C2 50 p F tr immer ( J F D D V J 3 0 5 or equiv-
alent ceramic tr immer) 

F B Ferr ite bead (56-590/65/3B or equiv-
alent) 

L I 

L 2 

R1 
R2 

25 turns no. 24 (0 . 5mm) on Amidon 
T50-10 toroid core 

22 turns no. 24 (0 .5mm) on Amidon 
T50-10 toroid core, tapped 7 turns 
f rom cold end 
150 ohms typical (see text ) 
2000 ohms typical (see text ) 

fig. 3. Law-noise 28-30 MHz preamplifier which provides 20 to 25 dB gain and typical noise figure 
of 1.0 dB uses a dual-gate mosfet in the cascode circuit. 

The current drawn from the 12-volt 
power supply should be checked for 
proper operation: 3.0 to 7.0 mA is fine. 
If the current is too low or too high the 
value of R1 should be raised or lowered 
accordingly. 

The only adjustments are to peak the 
input and output capacitors (CI and C2, 
respectively) for maximum output. If a 
noise generator is available, C1 can be 
adjusted for lowest noise figure. How-
ever, as noted previously, in most cases 
good low-noise performance can be ob-
tained simply by adjusting C1 for maxi-
mum gain. 

The extremely low cost of this unit 
makes it a real bargain. Once you have 
one in operation, you' l l wonder how 
you ever did without it. 

Special thanks go to all those who 
have duplicated this preamp and en-
couraged me to write this article. I hope 
its use wil l improve your station's per-
formance. 

references 
1. J. Reisert, W1JAA, " U l t r a L o w - N o i s e 
UHF Preamplifier," ham radio, March, 1975, 
page 8. 
2. J. Reisert, W6FZJ, 432 Bulletin, March, 
1972 (no longer available). 
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bfo multiplexer 
for a 

multimode 

detector 

Cmos logic 

oscillator deck 

and phase-locked loop 

are combined for 

a multimode 

For several years I've been experiment-
ing with solid-state circuits to replace 
various receiver subsystems at my sta-
tion. Most of the stages of my venerable 
HRO-BOT have been rejuvenated in this 
fashion. Installation of this multimode 
detection system was a major step to-
ward providing the performance and 
operating conveniences demanded of 
today's best receivers. 

In the bfo multiplexer a single IC 
functions as an upper-sideband crystal 
oscillator, lower-sideband crystal oscilla-
tor, tunable bfo for CW, or as a limiter 
of the i-f signal for fm or synchronous 
a-m reception. The desired oscillator (or 
the limiter) is gated on by grounding its 
digital contol line. Multimode reception 
results when the multiplexed output of 
the oscillators and limiter is applied to a 
product detector. Fm signals can also be 
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demodulated if the NE561 is used as a 
c o m b i n a t i o n product detector and 
phase-locked loop discriminator. 

Construction details are provided for 
a 455-kHz multimode detection system 
using the NE561. The IC module is 
packaged inside the original bfo coil's 
shield can for ease of installation. It is 
most economical, considering the fea-
tures it provides, since surplus FT-241A 
crystals may be used and the ICs are not 
expensive. 

cmos logic oscillators 

Crystal-controlled oscillators using 
linearly biased cmos logic elements are 
described in RCA's applications litera-
ture.1 , 2 In the basic circuit, shown in 
fig. 1, R1 biases the logic element as an 
inverting linear amplifier. The pi-type 
feedback network provides 180 degrees 
phase shift at the crystals's parallel reso-
nant frequency to produce oscillation. 
The crystal sees a load capacitance equal 
to the series equivalent of Cs and Ct. 

With regards to stability, the cmos 
oscillator circuit shown here is competi-
tive with good discrete component de-

r r j 

* C, ~ 3 9 f*F TOTAL 

INCLUDING STRAYS 

fig. 1. Basic crystal oscillator circuit using a 

cmos inverter or gate, crystal Y1 is 10 M H z 

or less. 
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signs. The prototype of a 3.3 MHz oscil-
lator that I am using in an industrial 
application, for example, is built around 
a high quality crystal and drifted less 
than 20 Hz between 0°C and 70°C with-
out any temperature compensation. 
Power supply sensitivity has been re-
ported as 3.5 ppm for a 25 per cent 
change in supply voltage.1 Power drain, 
although proportional to frequency, is 
extremely low and a wide range of sup-
ply voltages can be accommodated. 

Resistor R2 in fig. 1 is the only com-
ponent whose design value must change 
with frequency. At high frequencies it 
must be reduced or eliminated since the 
attenuation and phase shift it introduces 
increases with frequency. 

multiplexer circuit 
The idea which gave birth to the bfo 

multiplexer was that of obtaining four 
amplifier-oscillators, each with an on-off 
control, from a single quad 2-input 
NOR gate package and combining their 
outputs in a resistive summing network. 
The resulting circuit is shown in fig. 2. 
The supply voltage, V D D should be be-
tween 3 volts and 15 volts. Regulation is 
necessary only to avoid exceeding the 
15-volt upper limit. With a 9-volt power 
s u p p l y and the component values 
shown, a 770 mV p-p square wave out-
put was observed. If you must use dif-
ferent summing network component 
values, use about 1000 ohms per volt of 
the supply in series with each output of 
the CD4001 IC to avoid overloading it. 

Transformer T1 in the tunable oscil-
lator circuit is a Radio Shack transistor 
oscillator coil. However, any high-Q 
coil-capacitor combination which reso-
nates at the i-f will do. The stability of 
this circuit, particularly warm up drift, 
was noticeably better than that of the 
original circuit. 

The input from the i-f amplifier 
should be at as high a level as possible 
for good limiting. This consideration 
should present no problem since the 
high input impedance of the CD4001 

Ut • CO400IAE 
Tl - TPAHSISTOR 

OSCILLATOR COIL 

m 

fig. 2. Schematic diagram of the bfo multi-
plexer. T h e supply voltage, V q q , should be 
between +3 and +15 volts. 

will not load a high-Q tuned circuit. 
Sensitivity for full output is about 300 
mV p-p. The input level is adequate if a 
rounded square wave is obtained at the 
output with an a-m signal tuned in. 

detector circuit 
The bfo multiplexer provides a-m 

detection capability for a receiver equip-
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ped with only a product detector while 
simplifying mode switching. In this 
application it replaces the original bfo. I 
first used the bfo multiplexer with a 
MC1496G product detector.3 The re-
sults were excellent. Gain and dynamic 
range of this device exceed that of the 
NE561. A further advantage was that 
both the detector and bfo could use the 
same supply voltage. On the other hand, 
the gain and dynamic range were not 
needed and fm detection capability was 
desired. 

When used with the NE561, a 90 de-
gree phase shift network is required in 
series with the output of the bfo multi-
plexer as shown in fig. 3. During a-m 
reception the network compensates for 
the fact that the NE561 locks up in 
quadrature with the signal at its phase 
detector's input. 

The i-f input level to the NE561 
should be held to about 100 mV rms for 
minimum distortion. If this is done 
the audio output level will be at least 
half that for narrow-band fm, about the 
same for ssb and CW, and at least twice 
for a-m if both sidebands are passed by 
the i-f filters. Note that the fm audio 
output level is proportional to the per-
centage deviation and cannot be in-
creased by increasing the signal level. 
The two 0.004 nF capacitors limit the 
audio bandwidth to about 4 kHz. 

The vco output of the NE561 is a 0.6 
volt p-p square wave at the a-m carrier 
or bfo frequency. It appears to be ideal 
for use as an input to a digital dial 
adapter for accurate received frequency 
measurement. 

construction 
The multimode detection system was 

built on three 2 -1/2 X 1-3/4 inch 
(57x45mm) copper-clad epoxy boards. 
The boards were stacked with phenolic 
posts, then slid inside the original bfo 
coil's shield can. The top board was 
bolted to the top of the shield can. 
Since the boards fit snugly inside the 
can, the complete assembly meets 

Closeup view of the detector board, right, and 
the first multiplexer. 

mechanical stabil ity requirements. 
There is still room in the shield can for a 
fourth board containing a cable connec-
tor, if you are so inclined. 

The crystals and associated compo-
nents are mounted in an octal socket on 
the top board. The oscillator coil and its 
associated components are mounted 
nearby. The top of the can is cut out to 
allow access to the crystals and the 
coil's adjustment screw without dis-
assembly. Space could have been found 
for two trimmer capacitors for the 
crystal oscillators, had this been con-
sidered necessary. 

sO I 

- O H8V 
tPEGI 

6 5k > FINE TUNE 
2-VW—K (ALIGNMENT 

4 7k < ONLY) 

OUTPUT B 15 M 13 

oi7 cos 

/k 
' OJTPVT 

,2?0 <Sk 

X 270 

fig. 3. Phase-locked loop 
detector circuit for use 
with the bfo multiplexer. 
Switch S1B is ganged 
with the bfo multiplexer 
mode switch, SI A, in 
fig. 2. 

„oi 

FROM BFO 
MULTIPLEXER 

IOO mY TO 5OO mV p-p 
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The CD4001AE is mounted in a 
14-pin DIP socket on the middle board. 
The two rows of resistors which flank 
the socket in the photograph are the 
pull-up resistors, summing resistors, and 
22M feedback resistors. The pads were 
made with a Vector pad cutting tool. 

The layout of the detector board can 
also be seen in the photograph. The 
fine-tuning control is adjacent to pin 16 
of the IC. With the bfo multiplexer in-

T h e completed multimode detector is 
housed in the original bfo shield can of the 
author's receiver. 

stalled in the receiver, it can be reached 
through a hole drilled in the chassis. 
Alignment consists of setting the free-
running frequency of the NE561 (bfo 
multiplexer off or disconnected) to 
within 200 Hz of 455 kHz using this 
control. 

operation 
This detector system may be oper-

ated just like any other product 
detector-bfo combination. Most of the 
time you will be completely oblivious to 
the fact that there is a phase-locked 
oscillator in the system. However, when 

the limited i-f signal is applied to the 
NE561, several peculiarities may be-
come evident. If conditions are just 
right, a coded CW signal may be de-
modulated in the a-m position as a series 
of chirps as the vco falls into and out of 
lock on each dit or dah. Another 
anomoly results when an interfering 
heterodyne is coincident with one of 
the voice sidebands of an a-m signal. 
Depending on their relative strengths, 
the loop may lock up on the interfer-
ence, rather than the a-m carrier. 

Excessive lock range can also be a 
problem. If strong signals hold the vco 
until you have tuned well past them, 
seemingly putting hysteresis in the tun-
ing mechanism, a circuit modification 
may be in order. I found that a 22k 
resistor between pin 7 of the NE5B1 
and its power supply reduced the lock 
range to ±6 kHz. A less drastic solution 
is to switch to the CW oscillator those 
few times it is necessary to bring the vco 
back on frequency. 

These phenomenon are simply quirks 
and are not reasons for not taking ad-
vantage of phase-locked loops for multi-
mode detection applications. Other 
types of detectors have other problems 
under the same conditions. 

references 
1. S. Eaton, "Micropower Crystal-Controlled 
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verters," R C A IC Applications Note 6539, 
1971. 
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high-performance 
balanced mixer 

for 2304 MHz 

Construction details 

for a hot-carrier 

using stripline design 

that can provide 

a 7-dB noise figure 

at 2304 MHz 
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In a previous article about a 1296 MHz 
balanced mixer1 I mentioned using a 
similar circuit for 2304 MHz. This 
elicited several requests for information 
about the 2304 MHz mixer shown in 
fig. 1. However, since I felt that the cer-
amic board construction was beyond 
the facilities available to most amateurs, 
I was unable to respond. Since I was 
curious to see if simple construction 
techniques would still work at 2304 
MHz, I finally made the version shown 
in fig. 2 which uses an ordinary printed-
circuit board. To my surprise, the 
second version exhibits better perform-
ance than the "professional" one. 

The basic design, shown schem-
atically in fig. 3, is identical to the 1296 
MHz mixer described in QST and con-
sists of a 3 dB quadra tu re -hyb r id 
coupler, quarter-wave stubs for bypass-
ing, and a low-Q pi network for i-f impe-
dance matching. The major difference is 
the use of 1/32 inch (0.8mm) double-
clad, G10 epoxy-fiberglass circuit board, 
rather than 1/16 inch (1.5mm), to main-
tain a reasonable aspect ratio. The line 
dimensions shown in fig. 4, however, are 
more critical because of the thinner 
board and higher frequency. 

I cut the printed-circuit mask di-
rectly to size on Rubylith* with a knife 
and a ruler so it should be possible to 
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duplicate the layout with tape or by 
cutting the pattern directly into the 
copper and peeling away the excess. 
Dimensions A through E, and especially 
line widths A and B, should be within 
0.005 inch (0.1mm) of the values shown 
for best results. 

construction 
Construction is exceedingly simple, 

requiring only a drill and a vise. The cir-

away from the microstrip transmission 
lines. Approximate placement of the 
screws can be seen in fig. 2. 

Critical parts are the blocking capaci-
tors, C1 and C2, the connectors, and, of 
course, the mixer diodes. The blocking 
capacitors should be low-loss chip 
capacitors, preferably physically small 
to maintain a low vswr. The same con-
siderations, loss and vswr, also apply to 
the connectors; SMA type connectors 

fig. 1. Original balanced mixer for 2304 MHz used ceramic substrate. 
Small blobs are silver paint used for fine tuning. 

cuit board is attached to a shelf in a 
2 - 3 / 4 x 2 - 1 / 8 x 1 - 5 / 8 inch 
{70x54x41mm) Minibox. The shelf 
dimensions are shown in fig. 5. Use 
enough screws to keep the board flat 
against the shelf and to provide a 
ground path for capacitor C4. Metal 
screws have no effect if they are kept 

•"Rubvl i th" is a trademark of Ulano Co. 

similar to the ones shown are available 
very reasonably from E. F. Johnson. 

adjustment 
Adjustment is the height of simpli-

city. A two-meter converter is con-
nected to the i-f output, and a dean 1 
to 2 milliwatts at 2160 MHz is fed into 
the LO connector. Apply about 1.5 mA 
of bias current to the diodes and apply a 
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moderately strong signal at 2304 MHz. 
When the bias current and i-f trimmer 
capacitor are adjusted for maximum 
signal, the tune-up is completed. 

performance 
A testimonial to the performance of 

this mixer is that, at the Eastern 
VHF/UHF Conference earlier this year, 

realized. This should compare favorably 
with most other mixers at this fre-
quency; W2CQH's interdigital mixer2 

may be better, but it is also more com-
plex. Isolation between the local-
oscillator to the rf ports measures 22 
dB; this indicates that the hybrid coup-
ler is working properly and that the di-
odes are well matched to 50 ohms {any 

fig. 2. Balanced mixer for 2304 MHz using G10 printed-circuit board. No tuning is necessary. 

the original version won a certificate for 
the lowest noise-figure 2304 MHz con-
verter. The measured noise figure was 
7.1 dB (i-f noise figure, 2 dB), but, in 
the interest of fairness, W1JAA insisted 
that 3 dB be added because of the poor 
image rejection, so the final noise figure 
was 10.1 dB. The new version described 
in this article measures 2 dB better] The 
mixer has a conversion loss of 6.1 dB. 

Noise figure, both theoretical and 
measured, is the sum of conversion loss 
plus i-f noise figure. With a 1 dB noise 
figure at two meters, an overall noise 
figure of approximately 7 dB could be 

power reflected from the diodes will de-
crease the isolation). 

dc bias 
A few words about the value of dc 

bias in mixers may be in order. I have 
not seen any other amateur designs 
which include biasing of the mixer di-
odes, whereas it is fairly common prac-
tice in commercial mixers. Prior to 
building my first balanced mixer <for 
1296 MHz), I made some measure-
ments of diode impedance versus rf sig-
nal power (LO) and bias current. The 
conclusion was that, with dc bias, less 
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RFC I 

+ I2V 

C1,C2 50 to 1000 pF ch ip capacitor (not 
cr i t ical , see tex t ) 

C3 stray capacitance of quarter-wave-
length stubs («sl7 pF) 

C4 3-35 pF mica t r immer (Arco 403) 

C5 1000 pF disc ceramic 

C6 1000 pF feedthrough bypass 

CR1.CR2hot -car r ie r diodes rated for 3 GHz 
o p e r a t i o n (H-P 5082-2535, H-P 
5082-2565, A lpha D5501 , match-
ed pair not essential) 

L I 6 turns no. 18 (1 .0mm) , 3 / 8 " 
(9 .5mm) long, wound on 3 / 1 6 " 
(5mm) mandrel 

R1 5k to 15k , vary t o set d iode bias 
current 

RFC 1,2 1 t u rn no. 30 (0 .25mm) , w o u n d on 
1 / 1 6 " (1 .5mm) mandrel 

J1-J3 SMA connector (OSM 215 or E. F. 
Johnson 142-0297-001) 

fig. 3. Schematic diagram of the balanced 
mixer for 2304 MHz. Dc bias is provided to the 
diodes to minimize LO requirement. Full-size 
printed-circuit layout is shown in fig. 4. 

L0 power is required to raise the diode 
impedance to 50 ohms, arid the impe-
dance is less sensitive to the drive level. 

We are, in essence, substituting 
readily available dc power for hard-to-
get rf power! This is borne out by the 
fact that my mixers work fine at LO 
levels of one milliwatt, while other, 
similar designs3,4 specify around three 
milliwatts. Also, Tilton recently men-

tioned5 several balanced mixers which 
were rejected by QST - their poor per-
formance was apparently due to lack of 
LO power. Addition of dc bias might 
have helped significantly. 

Bias current is not critical (in this 
mixer minimum conversion loss was 
achieved with 1.8 mA of diode current), 
but it can be varied from 1.0 to 2.6 mA 
with only a 1 dB increase in loss. With 
no bias, however, conversion loss in-
creased to 13 dB. Small changes in LO 
power, simulating normal drift, also had 
a minimal effect. 

One final advantage of dc biasing 
may be to force the diodes to operate at 
the same current, and hence at similar 
impedance, for no attempt at diode 
matching or individual tuning was made 
in order to achieve the stated per-
formance. 
balanced»mixer design 

I have received several queries about 
designs for other frequencies. These can 
be made by direct scaling from this de-
sign or the 1296 MHz version, following 
these guidelines: 

1. Dimension A is for a characteristic 
impedance, ZQ = 50 ohms, and B for ZQ 

= 35 ohms. No change is required if the 
same board material is used. 

2. Dimensions C and D are one-quarter 
wavelength long at a frequency halfway 
between the signal and LO frequencies 
(2232 MHz in this case). 

3. Dimension F is one-quarter wave-
length long at the signal frequency 
(2304 MHz). 

4. Dimension G is one-quarter wave-
length long at the local-oscillator fre-
quency (2160 MHz). 

5. Wavelength in microstrip line is a 
function of ZQ, so use a graph of ZD and 
Am if you change board material (differ-
ent dielectric constant). 

6. Dimension E is D minus A. 
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7. Use a low Q i-f circuit which matches 
the impedance of the diodes (100 to 
200 ohms at the i-f). 

If the same board material is used 
(1/32 inch G10) scaling dimensions C, D, 

conclusion 
The balanced mixer will provide ex-

cellent performance which is easily dup-
licated and maintained. Use of a low-
loss filter at the input is recommended 
to improve image rejection; there are no 

r 0.4 
(10.2 mm) 

dimensions 
A 0.053" (1.3mm) 
B 0.096" (2.4mm) 
C 0.696" (17.7mm) 
D 0.678" (17.2mm) 
E 0.625" (15.9mm) 
F 0.610" (15.5mm) 
G 0 .650" (16.5mm) 

fig. 4. Full-size printed-circuit board for the 2304-MHz balanced mixer, 
shown at right may be scaled to other frequencies (see text). 

Microstrip dimensions 

F and G directly by the ratio of the 
frequencies will work fine. As men-
tioned above, good isolation from the 
LO to rf ports is an indication that 
everything is working properly; measure 
this after all other adjustments have 
been made. 
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SIDE VIEW 

fig. 5. Shelf dimensions for installing the 
balanced mixer in a standard Bud CU-
3000A Minibox. 

other responses if a clean local-oscillator 
signal is used. A preamplifier may be 
used for even lower noise figure, and the 
mixer will provide a low vswr load for 
the preamp to help stability. However, 
unless you really need the small (and 
costly) improvement a preamp provides, 
the mixer alone has two major advan-
tages — it is much harder to burn out, 
and it will not oscillate. 
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satellite receivers 
for repeaters 

Adding satellite receivers 

to your repeater 

won't bring in 

OSCAR 7 -

but it might improve 

your terrestrial 

coverage 
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Many users of low-powered handle 
talkies have found that the theory ol 
reciprocity proves to limit their ability 
to communicate through a repeater. 
Reciprocity implies that, with equal re-
ceiver sensitivity and antenna gain on 
both ends of a path, equal transmitter 
power is necessary for both stations to 
hear each other with the same signal 
strength. 

Generally, a repeater's transmitter 
will have a 17 to 23 dB power advantage 
over a two-watt portable, effectively 
reducing the repeater's usable sensitivity 
by the same amount. This is the typical 
case of hearing the repeater full quietinc 
but not being able to access it, ever 
though the repeater's receiver is very 
sensitive. 

Assuming that it is desired to retair 
the present transmitter coverage, there 
are several ways to balance out the 
transmit-receive range. In the case of z 
split-site system, the existing receiver 
can be relocated at the highest elevatior 
possible. This is, of course, assuminc 
that the repeater was set up initially 
with equal transmitter and receivei 

•Electronics Communications, Inc., St, Peters 
burg, Florida 33710 

64 EB october 1975 



heights. Many repeaters were originally 
designed for use with mobiles that ran 
30 to 60 watts and tended to hear as 
well as they transmitted to the repeater. 

satellite receivers 

If you operate a single-site system, or 
have run out of tall buildings and 

ceiver that is hearing the best quieting 
signal. However, our repeater group has 
found that very elaborate methods are 
not really needed. A typical fm receiver 
wil l yield usable audio from any signal 
that can open the squelch, even though 
the receiver may only be quieted by 10 
or 15 dB. With this in mind, a four-

\ / 
147.75 Mm 443.10 MHz 

RECEIVER TRANSMITTER 

SITE I 

ST. PETERSURS. FLORIDA 

\I 

443 IS MHZ I4T.TS MH1 

RECEIVER TRANSMITTER 

I4T.TS MH1 

RECEIVER 

LAKELAND. FLORIDA 

\ / 
4 CHANNEL 

UHF SCANNING 
RECEIVER 

147.15 MHz 4 CHANNEL 
UHF SCANNING 

RECEIVER TRANSMITTER 

<v <e 

I \ 
\ / 

(47.75 MHz 443.23 MHz 

RECEIVER TRANSMITTER 

SITE 4 SITE 3 

TAMPA. FLORIDA SARASOTA. FLORJOA 

fig. 1. Satellite receivers expand the two-way coverage 
area of repeater W R 4 A L T in Tampa, Florida. 

towers, there is another solution to the 
problem. The concept of satellite re-
ceivers has been applied successfully for 
some years by commercial users and 
some advanced repeater groups. These 
remote receivers, located in areas away 
from the main receiver, relay the weaker 
incoming signals by vhf or uhf links to 
the main transmitter. 

Ideally, a satellite receiver system 
should have circuitry that wil l auto-
matically select the audio from the re-

channel scanner receiver was built for 
the 450-MHz band. Fig. 1 shows how 
this is used in our satellite system. 

The receiver will lock up on the first 
link transmitter it hears during the scan 
process. The system tends to seek out 
the link transmitter that is carrying the 
best signal, since a link carrying a 
"chopping" mobile signal will also be 
"chopping" into the link receiver. The 
scanner link receiver wil l tend to unlock 
and lock up on a solidly keyed link 
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f rom a receiver that is hearing a ful l 
quieting signal. To avoid wear on the 
link transmitter's keying relay and also 
to provide security to the link receiver, 
the actual presence of a signal is indi-
cated by a 10-kHz subcarrier modulated 
on the link transmitter. The squelch, 
and consequently the scanning action, is 
dependent upon the presence of the 
10-kHz subcarrier. 

problems encountered when t ry ing to 
make one - t o -one comparisions in 
strengths of the remote receivers. 

To satisfy FCC requirements, each 
satellite system is licensed as an auxil-
iary link station, and the link transmit-
ters are identified continuously by a 
4-kHz MCW signal. This is fi ltered out in 
the link receiver, and the main trans-
mitter is identified by its normal identi-

f ig. 2. A typ ica l re-
mote receiver instal-
lat ion. T h e 1 0 - k H z 
sub-carrier ensures 
tha t 4 5 0 - M H z sig-
na ls f r o m o t h e r 
sources besides the 
s a t e l l i t e receivers 
wi l l not be repeated 
o n t h e 1 4 7 - M H z 
output f requency. I t 
also serves as a "tai l -
less" squelch since 
the 4 5 0 - M H z trans-
mit ter is held on by 
t h e 3-second hold 
t imer . 

OMNI-DIRECTIONAL 
ANTENNA 

w 

147.75 MHz 

RECEIVER 

CC m 

UHF 

CONTROL 

RECEIVER 

3 SECOND 

HOLD-IN 

3 MINUTE 

TIME-OUT 

10 kHz 

OSCILLATOR 

4 KHZ 
IDENTIFICATION 
GENERATOR 

450 MHz 

TRANSMITTER 

AUDIO 

DIRECTIONAL 
ANTENNA 

Referring to fig. 2, the satellite re-
ceiver's COR keys the 10-kHz oscillator 
and also the link transmitter, but 
through a three-second hold-in timer. 
This effectively eliminates the squelch 
tail f rom the link receiver since it re-
sumes scanning when the subcarrier is 
removed, even though the carrier is still 
present. A 10-kHz tone was chosen to 
allow fast detection time. A Signetics 
NE567 phase-locked loop tone decoder 
is used, and it can recognize the sub-
carrier in less than 1 millisecond. A 
scan search rate of 25 milliseconds per 
channel is used, allowing a worse case 
delay of about 80 milliseconds when 
selecting different satellite receivers. 
This has proven to be a very acceptable 
method of voting wi thout any of the 

f icat ion circuits. Regulations require 
control of the link transmitter. In our 
case, a common radio control frequency 
is used for all five sites, simplifying the 
control operator's equipment require-
ments. Link frequencies in the 450-MHz 
band were chosen since monitoring of 
the link transmitters is not required. 
Link operation on 220 MHz would re-
q u i r e f o u r - f r e q u e n c y m o n i t o r i n g 
capability. 

Selection of the remote sites should 
be dictated by "dead spots" in the 
repeater's current coverage area. Natu-
rally, high antenna heights are desirable, 
but even low antenna satellite receivers 
wil l do wonders for f i l l ing in receive 
coverage for the handie-talkie users. 

ham radio 
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crystal discriminator 
for vhf fm 

High-performance 

crystal discriminator 

for vhf fm 

can be built around 

an inexpensive 

third-overtone CB crystal 

Many amateurs, and professional design 
engineers as well, have attempted to de-
sign single-conversion fm receivers only 
to scrap their brainchild because of low 
recovered audio and the resulting noisy 
audio output with poor squelch action. 
A single-conversion vhf fm receiver must 
have an intermediate frequency of 5 
MHz or higher to provide adequate im-
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age rejection. The percentage of devia-
tion is quite small at the higher inter-
mediate frequencies so ICs utilizing 
quadrature detection may provide less 
than a millivolt of recovered audio. A 
simple solution to this problem is to in-
crease the Q of the quadrature coil or 
use a crystal in its place. Unfortunately, 
however, these ICs become very un-
stable and impossible to tame when the 
Q of the quadrature resonator is in-
creased. 

crystal discriminators 
Most of the novel discriminator cir-

cuits, such as the pulse-counting or dig-
ital type and transformerless type, as 
well as the conventional Foster-Sealey, 
Round-Travis and the ratio detector, do 
not provide enough recovered audio to 
be useful at the higher i-f frequencies. 
Crystal discriminators are quite popular 
in some of the more sophisticated com-
mercial radios. In fact, Motorola uses a 
two-crystal discriminator to obtain a 
plus and minus voltage swing for auto-
matic frequency control in some radios. 
The crystal discriminator was mentioned 
briefly in QST but no specific values 
were given.1 

Most crystal filter manufacturers 
market a crystal discriminator which 
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complements their crystal filter line so 
they are very reluctant to disclose the 
internal workings of these devices. How-
ever, several hours of investigation 
turned up a specification sheet from C-F 
Networks, which included all the neces-
sary data to design other crystal discrim-
inators and tune them. 

Exce l len t 9 -MHz crystal filters 
(manufactured by KVG) are available 
from Spectrum International.* In addi-
tion, monolithic crystal filters and mon-
olithic filter elements are manufactured 
by Piezo Technology, lnc. f Spectrum 
International also markets an excellent 

AUDIO 
OUTPUT w> f o 

0033 

fig. 1. Low cost fm crystal discriminator uses 
third-overtone channeM CB crystal (26.965 
MHz) at its 9 -MHz fundamental. Response 
curve of this circuit is plotted in fig. 2 . 

KVG crystal discriminator for approxi-
mately $25. 

Quite a few CB crystals are available 
on the surplus market and in various 
ham-shack junkboxes so one of these 27 
MHz, third-overtone crystals was put in-
to a breadboard circuit and carefully 
tested at its fundamental frequency, 9 
MHz, for modulation acceptance, re-
covered audio and distortion. Modula-
tion acceptance was sufficient for 5 kHz 
deviation but more than 7 kHz devia-
tion caused slight audible distortion. A 

Spectrum International, Box 1084, Concord, 
Massachusetts 01742. 
tPiezo Technology Inc., Post Office Box 
7877, Orlando, Florida 32804. 

9 MHZ 

fig. 2. Response of the 9-MHz crystal discrim-
inator. The linear section of the response 
curve just above the fundamental resonant 
frequency is the portion actually used. Good 
filtering is required ahead of this discrim-
inator or serious audio distortion will result. 

12 kHz bandpass filter would provide a 
perfect match for the discriminator. 

The crystal used for the tests was a 
channel-l transmit crystal for a Heath-
kit Model CB-1. It is a 26.965 MHz, 
third-overtone crystal identical to those 
used in hundreds of other CB radios. 
This particular crystal is in the larger 
HC-6/U holder but many are in smaller 
holders. 

the circuit 
Fig. 1 is the schematic of the crystal 

discriminator circuit. Capacitor C3 is ad-
justed for zero voltage with an un-
modulated carrier at center frequency 
but this setting may not hold for all 
crystals, and it is possible to obtain 
good performance and good audio re-

TO 
DISCRIMINATOR 

INPUT (FIG O O 

M RR? 

100 150 YH 

OI ^ 0 3 3 ^ 

fig. 3. Amplifier/l imiter for driving the crystal 
discriminator uses a Motorola MC135SP in-
tegrated circuit. 
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covery from crystals that will not tune 
for a zero center. This just means that 
the crystal doesn't provide a good linear 
portion at exactly 9 MHz but with in-
expensive, surplus crystals you can't be 
too particular. 

Capacitors C1 and C2 are most easily 
adjusted with an audio-frequency sine 
wave applied to an fm signal generator 
or transmitter and using an oscilloscope 
to check distortion of the recovered 
audio sine wave. This same method 
should be used to align quadrature de-
tectors, too, since there is no true zero-
center reading. With a 1 volt p-p i-f sig-
nal (at 9 MHz) and 5 kHz deviation, the 
recovered audio will be about 1 volt p-p 
at the lower audio frequencies, rolled 
off at the higher frequencies with the 
de-emphasis network. The de-emphasis 
circuit also removes most of the remain-
ing 9 MHz from the audio. 

This type of crystal discriminator is 
amplitude sensitive and requires a good 
limiter ahead of it to provide a-m rejec-
tion. The slope of the discriminator is 
shown in fig. 2 but may vary a little 
with different crystals. It is possible to 
detect fm on the descending portion of 
the curve about 40 kHz lower but modu-
lation acceptance is only a few kHz. 

The Motorola MC1355P is an excel-
lent IC to drive this discriminator. Fig. 3 
shows a poss ib le c i rcu i t , but the 
MC1355P has more than 60 dB gain 
available so it requires very careful lay-
out, bypassing and shielding. 

If you're not a reformed CBer it's 
possible to cultivate a friendship with a 
CBer who has recently acquired a vfo or 
you may opt to purchase a new crystal 
from JAN Crystals* for $2.50. 

•JAN Crystals, 2400 Crystal Drive, Fort 
Myers, Florida 33901. 

reference 
1. Douglas A. Blakeslee, W1KLK, "Receiving 
FM, Part II," QST, February, 1971, page 16. 
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SPEC COMM 512/560 
The New 5 Wt. 2M FM Portables 
with "Snap Pack"Modules 

Now you'll have 
three systems in 
one, thanks to our 
"Snap Pack" 
Modules. They 
provide versatile, 
yet optimum,per-
formance, wheth-
er Portable, 
Mobile, or Fixed. 
Team these up 
with the 512 or 
the 560 and 
you're ready for 
action! 

• 5X THE POWER 
of the usual 1 Wt. 
portables! But draws 
only 2X the currentl 
While BP-1 Battery 
Pack provides 3X the 
capacity of the usual 
portable or HT batteries — for 8 hrs. typ. 
operation per charge. 
• Exclusive HOT CARRIER DIODE MIXER 
provides intermod & overload performance never 
before available to the Amateur —andonly SPEC 
COMM has it! 
• Uses a level of /C Sophistication unheard-of in 
amateur equipment — for superior, more reliable 
performance! 
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• W* I1M K'l 2 In l(. Iff* .t,.l.«> ' J"t4 • * • I* • luî Mtii I •* Ui — tty HUI II II* * I */« • 1HH Urn *MI CMMII* 
• i t s tin ***** . :x u, m w 

Inquire about our RPTR. RCVR. & XMTR. Boards. 
Available from Dealers soon — or Factory Direct. 
DEALER AND CLUB INQUIRIES INVITED! 
See Review Article in April 73 Mag. 
Send for Data Sheet. 

SC512 (5 Wt. 12 channels) $249.95 
SC560 (5 Wt.. 6 channels) $224.95 
M O B I L E MOUNT-MB-1 $8.50 
" S N A P P A C K S " : 

Portable-BP-1 (Ni-Cad Batt., chgr, 
Ant., carrying strap) $89.95 

Mobile-BA-1 (25 Wt. Amplifier)$84.95 
Base-AC-1 (AC Supply) $49.95 

ADD $3.50 SHIPPING/HANDLING 
PA. RES. ADD 6% TAX 

SPECTRUM COMMUNICATIONS 
BOX 140. WORCESTER PA 19490 1215) 584-6469 
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a second 
.a 

look fish 

Although MOS integrated circuits are 
finding widespread use in microproces-
sors, memories and other LSI (large-scale 
integration) applications, it appears that a 
relatively new form of bipolar logic, 
called l 2 L (for integrated injection logic), 
can do everything its MOS rivals do — and 
probably better and cheaper. Although 
MOS manufacturers continue to squeeze 
more and more performance out of n-
channel MOS technology, some re-
searchers believe that the high perform-
ance-low cost characteristic of l 2 L will 
end the dominance of MOS circuits in 
new generations of equipment. 

Another characteristic of l 2 L which 
intrigues designers is its versatility: al-
though it doesn't directly lend itself to 
analog functions, it is compatible with 
bipolar manufacturing techniques used 
for linear devices so linear and I2 L can be 
combined on the same chip. Some digital-
linear chips are already being developed, 
as are completely digital chips. In fact, 
according to one report, l 2 L is now being 
designed into more circuit types by IC 
makers than are all MOS and other bi-
polar techniques combined! 

Originally formulated about four years 
ago at IBM's laboratories in Germany, 
and developed by Philips in the Nether-
lands, l 2 L achieves MOS-level circuit den-
sities by using planar npn transistors up-
side down (the basic logic element is an 

fig. 1. ) 2 L logic 
gate uses invert-
e d t r a n s i s t o r . 
O p e r a t i o n is 
completely inde-
pendent of resis-
tors and speed 
depends only on 
i n j e c t e d base 
current. 

—Q 

MULTl-
^ COLLECTOR 

OUTPUT 

inverter). A direct result is the automatic 
isolation of all collectors, while the emit-
ters are common. Lateral pnp transistors 
inject current directly into the base of a 
multi-emitter npn transistor operating in 
the inverse mode (see fig. 1). The result is 
a very simple gate structure which dissi-
pates little power and has propagation de-
lays on the order of 10 nanoseconds. This 
performance is comparable to that of 
standard TTL gates. By using integrated 
Schottky diode clamps speed can be 
pushed down to about 1 ns, making l 2 L 
as fast as low-power Schottky TTL — 
Schottky-clamped l 2 L , however, con-
sumes 1/100th the power and is ten times 
smaller (circuit densities of 85 gates per 
square millimeter are routine). 

Since l 2 L units are powered through 
lateral pnp transistors, the circuitry is 
totally independent of resistors and can 
be operated over a wide speed range by 
simply varying the total current into the 
injector. Thus, the same l 2 L device can 
run at slow speed in a watch, for exam-
ple, dissipating microwatts, or at high 
speed in a microprocessor, dissipating 
milliwatts. 

Many of the large semiconductor 
firms, including Fairchild, Motorola and 
Texas Instruments, are working on large-
scale integration of l 2 L and some devices 
are already on the market including Tl's 
SBP0400 4-bit l 2 L microprocessor, A 
4096-bit l 2 L random access memory may 
be available by the end of the year, and a 
16-bit microprocessor with cycle times of 
less than 50 ns is expected sometime next 
year. No doubt MOS and TTL will be 
with us for a long time to come, but l 2 L 
promises complex logic systems that could 
not be built economically with the older 
technology. 

Jim Fisk, W1DTY 
editor-in-chief 
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NEW CHIEF OF FCC'S AMATEUR AND CITIZENS DIVISION is John Johnston, K3BNS. The 

announcement was made during the FCC Forum at the ARRL National Convention in 
Reston, Virginia by FCC Safety and Special Services Bureau Chief, Charles Higgin-
botham, W3CAH. Charlie said the choice had been made official by the Commis-
sioners only a few days earlier. 

Johnston's Selection was a natural and will be widely welcomed by the Amateur 
fraternity. John had already established a fine track record with the Amateur and 
Citizens when he served there as Chief of the Rules and Legal Branch. He left 
Amateur and Citizens just a year ago to become Deputy Chief of the Spectrum Man-
agement Task Force. He originally joined the FCC in 1972. 

"DE-REGULATION" will be the key word when Johnston picks up the reins at Ama-
teur and Citizens. John plans to take a very hard look at the present rules to 
see where they can be relaxed to the benefit of both Amateur Radio and the Com-
mission. 

WARC 79 Working Group on Amateur Radio had its second full group meeting at 
Reston, with Prose Walker still in the Chairman's seat. Much of the all-day 
session was devoted to reports of the various task force chairmen, and it was 
obvious to the more than 30 attendees that the considerable effort that had al-
ready been invested was only a small part of the total job. 

With Respect To Frequencies, the Working Group position is to strive for more 
spectrum in the HF bands both by making the bands we presently share with other 
services (and/or do not have at all in other parts of the world) exclusive world-
wide Amateur bands, and hy adding new Amateur bands. Proposed new HF bands would 
be 10.1-10.6 MHz, 18.1-18.6 MHz, and 24-24.5 MHz. It was also proposed that 40 
meters be extended to 7.5 MHz, 20 meters to 14.5 MHz, and 15 meters to 21.5 MHz. 
At the low end of the spectrum a totally new band in the 150-200 kHz region will 
also be proposed. There is reason for hope that all or at least a good part of 
this expansion could be achieved, since some heavy users of the HF bands are 
moving to satellites; however, other services will be going for more HF frequen-
cies, too. In the VHF/UHF spectrum, competition is tougher and the picture less 
clear — we'll have problems there. 

INVERTED SPLITS for additional two-meter repeaters in the northern California 
area were selected as standard at "Sacramento '75." Northern California thus 
follows the lead of southern California, while the eastern seaboard goes the op-
posite way. 

RIGHT-SIDE UiP SPLITS were the. choice of the Mid-Atlantic Repeater council at 
their meeting. Reasons were a wish to remain compatible with other East Coast 
areas, and encourage increased use of narrow-band gear. 

AM'SAT'S EDUCATIONAL BULLETINS via OSCAR 6 resumed' in September and will con-
tinue throughout the school year on mornings (U.S.) of even numbered days. Bulle-
tin stations will transmit- to be heard about 29.5 MHz on appropriate morning 
orbits as indicated by an "E" following the orbit number in the predictions. 

Orbital Predictions from both HR Report and W6PAJ's booklet are both mo.re than 
adequately accurate despite on-the.-air comments to. the contrary. Current HR Report 
sheet is within a few seconds, while W6PAJ's (prepared much earlier in the year) 
is accurate to within about a minute. 

MULTI-2000, the multi-mode vhf rig which has caused interference in the air-
craft band, is an offender primarily in its original version as imported by ITC, 
reports Mike Staal of KLM. The prime problem was with a spur +16.9 MHz from the 
signal frequency and Mike reports that this has been corrected in the later ver-
sions which bear the KLM nameplate. All KLM Multi-2000s are being checked out 
with a spectrum analyzer to confirm that they meet published spurious specs.. 

All Early Multi-2000s should be checked out with proper instrumentation. Mike 
has some helpful suggestions for owners of the earlier radios — call him at KLM, 
(408)779-7363. 

WORKING ALL STATES DURING 1976 will be rewarded by a very special Bicentennial 
WAS certificate from the ARRL. Only one award, for QSOs on any mode, any band — 
will be offered. 
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Design and 

construction of a 

versatile fm receiver 

for use on any of 
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from 28 
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Are you looking for a compact, low-cost 
receiver to use with your new home-
brew fm transmitter? Are you interested 
in trying fm without investing a lot of 
money right away for a transceiver? Do 
you need an extra fm receiver around 
the shack to monitor your local repeater 
or calling channel while you're operat-
ing on another frequency? This article 
describes a second-generation, solid-
state vhf fm receiver which might be the 
answer. I t is an improved version of an 
earlier receiver designed a few years 
ago1 and uses two circuit boards: a vhf 
converter board and an i-f/audio board. 
The basic fm communications receiver 
may be used for 28, 50, 144 or 220 
MHz (or adjacent commercial bands). 

This new design includes the best fea-
tures of its predecessor as well as refine-
ments which improve selectivity and 
sensitivity, make construction and test-
ing easier, and provide more flexibility. 
Built-in test points facilitate alignment 
and allow external signal strength and 
carrier frequency meters to be used. 
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Stable, cascode circuits are easily tuned 
and require no neutralization. The sensi-
tivity of the receiver is about 0.2 to 0.4 
/iV for 20 dB quieting. Adjacent 
channel selectivity is about 90 dB be-
yond the desired ±7.5 kHz passband. 
Image rejection is 40 dB. Operating 
power is 13.6 Vdc at 60 to 200 mA, 
depending on audio Jevel. 

Construction and alignment details 
are organized in three sections. The i-f/ 
audio board is described first since it is 
straightforward and does not vary with 
the input frequency. Then the vhf con-
verter board is described, along with 
variations for 10, 6, 2, and VA meters. 
Finally, to demonstrate ideas for various 
receiver packages which can be based on 
the two basic boards, a short discussion 
of options is presented. 

i-f and audio 
The i-f/audio circuit (fig. 1) includes 

a sensitive and selective i-f amplifier, 
narrowband fm detector, audio ampli-
fier and squelch circuitry. By including 
the proper external circuitry it may be 
used to build a single-channel vhf or uhf 

The i-f/audio board used in the vhf fm 
receiver. Murata 11-pole ceramic ladder filter 
is in lower left-hand corner. 

N 1 

fc.1 

• T m 

receiver, a multi channel receiver, or a 
scanning receiver. The 10.7 MHz input 
to the board has a three-pole L-C filter 
operating into a low-noise grounded-
base preamplifier, Q1. The high gain cas-
code mixer (Q2 and Q3) translates the 
input to a 455 kHz i-f with a selective 
±7.5 kHz ceramic ladder filter providing 
90 dB of adjacent channel selectivity 
and 40 dB image rejection. The 455 kHz 
i-f amplifier and limiter chain consists of 
five low-noise, high-gain transistor stages 
(Q5-Q9). The previous design used an IC 
— this discrete design provides improved 
operation, easier maintenance, and 
better metering. 

The fm discriminator drives a special 
communications service 2-watt audio 
amplifier IC, an SGS A T E TBA-820, 
which incorporates lowpass filtering and 
de-emphasis to minimize hiss on weak 
signals. A sensitive squelch circuit 
(Q10-Q11) detects any a-m noise in the 
7 kHz region to determine if a carrier is 
present in the limiter circuit. A flutter-
proof circuit is used to prevent drop out 
of weak mobile stations. The audio cir-
cuit is set up so the user can change the 
volume control range or high-frequency 
response, if desired, to suit his own 
operating habits. 

construction 
Most pertinent construction details 

for the i-f/audio board are shown on the 
component location diagram (fig. 2). 
Following are details of coil assembly 
and other suggestions to facilitate pro-
per assembly. The coils are wound on 
10-32 (about 5mm diameter) plastic 
forms with carbonyl TH slugs. All are 
wound in a clockwise direction, as 
viewed from the top, using number 26 
(0.4mm) solderable wire. All turns are 
close-spaced as shown in fig. 3. This 
drawing is exaggerated for clarity, but 
all leads should be pulled tight. No 
fancy bends are required, and no coil 
dope is necessary. Holes in the base of 
the form are numbered as indicated for 
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reference when winding the coils. The 
coils can be prewound and then in-
stalled on the board with the keyways 
as shown. Primaries should be wound 
first, followed by the secondaries; then 
the capacitors, if any, are inserted 
through remaining holes in the base of 
the form. 

Do not be overly concerned with coil 
winding. Neatness is not a requirement; 
the turns can overlap, and the windings 
don't have to be uniform. Secondary 
windings can be wound in a second 
layer over the primary or by continuing 
the first layer next to the primary. The 
only critical requirement is that primary 
and secondary of L1 and L 3 must be 
correctly phased. (When the primary is 
finished at the tap, the secondary 
should start at the tap and be wound in 
the same [clockwise] direction.) 

When the coil leads are inserted 
through the board, they should be 
started into the holes in the board while 
the coil form is spaced slightly away 
from the board; the form is then seated 
into place. Do not attempt to insert 
capacitor leads with the form tight 

o 
ru ®<P 

fig. 2. Component 
layout on the I-f/ 
audio board. Circuit 
board is 2-3/4" wide (7cm) by 4VJ" (11.5cm) long. 

fig. 1. I-f and audio system (left) for the vhf 
fm receiver has input at 10.7 MHz and in-
c l u d e s f ive-stage 4S5-kHz I-f amplifier, 
squelch and two-watt IC audio amplifier. 
Filter F L 1 is an 11-pole Murata C F S - 4 S S 
ceramic ladder filter. Transformer T1 is a 
miniature 455-kHz i-f transformer with the 
internal resonating capacitor removed. The 
audio power IC is an S G S A T E S TBA-820. 

L I Terminals 3 to 4: 10-5/6 turns no. 26 
(0.4mm) on 10-32 (5mm) slug-tuned 
form; terminals 5 to 6: 2-5/6 turns no. 
26 (0.4mm) 

L2 12'/z turns no. 26 (0.4mm) on 10-32 
(5mm) slug-tuned form 

L 3 Terminals 3 to 6: HVs turns no. 26 
(0.4mm) on 10-32 (5mm) slug-tuned 
form; terminals 4 to 5: 3-1/6 turns no. 
26 (0.4mm) 

L 4 Primary, lS'/z turns no. 26 (0.4mm) on 
10-32 (5mm) slug-tuned form; sec-
ondary, 9-1/6 turns no. 26 (0.4mm) on 
same form 

against the board. After the coils are in-
stalled, application of heat from a very 
hot soldering iron for 10 to 15 seconds 
will automatically strip the wire. If you 
prefer, the leads may be stripped in the 
conventional way before installation. 
Do not solder-strip the leads unless the 
coil is mounted on the board as the 
leads will migrate into the plastic form. 

Be careful, when installing the 
ceramic filter and the discriminator 
transformer, to seat them slowly by 
rocking to avoid lead stress. Resistor 
R35 is installed vertically with the top 
lead extending about 1/4 inch (6.5mm). 
to form a test point. Connections to the 
outside world are made by soldering 
number-22 (0.6mm) leads to pads on 
the board. The output circuit is de-
signed for an 8-ohm speaker. However, 
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other speakers may be used with some 
effect on frequency response and audio 
level. 

alignment 
With a 455-kHz signal generator con-

nected through a dc blocking capacitor 
to the base of transistor Q5 and a vtvm 
connected to the top of the volume con-
trol (point E8), adjust transformer T1 
for zero volt dc. Noise will be heard 
with no signal input, and the squelch 
should operate as expected. About 2 to 
10 juV at 455 kHz should provide 20 dB 
quieting. Now set the signal generator to 
10.7 MHz and couple it to the input, J1. 
Alternately peak L1 through L4 for 
maximum negative voltage at TP1 (top 
of R35). Image response at 9.79 MHz 
should be down about 40 dB, and the 
sensitivity at 10.7 MHz should be 2 to 
10jiV. 

If you wish to use meters to indicate 
signal strength or carrier frequency, this 
may be done. A zero-center 50 juA 
meter may be connected in series with 
the top of the 10k volume control (con-
nect a small electrolytic capacitor across 
the meter). The dc current through the 
volume control will operate the meter, 
with positive swings indicating high-
frequency error and vice versa. A sensi-
t ive voltmeter circuit can be built 
around a Darlington pair or an op amp 
to drive an S-meter from the limiter test 

WINDING DIRECTION 

" C W 

TOP VIEW 
or COIL rom 

LLLSEFTR DISC CAPACITOR 
LAST THROUGH ADJACENT 
HOLES AND SEAT FIRMLY 

fig. 3. Coil winding and lead identification. 

Vhf converter board for the fm receiver. Al-
though designed for use with the 10.7 MHz 
i-f/audio board, it can be used with other i-f 
systems as discussed in the text. 

point at R35. Do not load the base of 
Q7 by changing the value of R35 or by 
making connections directly to the base 
of the transistor. The voltage swings 
from +0.6 volt to about - 3 volts, so 
some bias is required in the meter ampli-
fier to avoid swinging through zero on 
the meter. 

Since some operators may prefer 
different frequency response or volume 
control range, the following information 
is provided as a guide. The value of R32 
may be reduced as low as 47 or 51 ohms 
to increase audio gain. A corresponding 
increase in the high frequency response 
also results. The value of C27 may be 
changed to vary the audio frequency 
response. A 0.1 or 0.05 juF capacitor 
here will provide bass response or more 
de-emphasis; a 0.001 JJLF capacitor at 
C27will increase high-frequency response. 

vhf converter 
The vhf converter consists of a sensi-

tive cascode rf amplifier, low-noise fet 
mixer, an oscillator, and an injection 
multiplier/buffer chain. Two schematic 

12 0 november 1975 



CASCODE RF AMPLIFIER r -*.\V- -,(220 MHz ONLY! rT7 ODt- . .. . i i\-r Int. 

* 40-60 MH,i 
RANGE 

(S«« T«JTt) 

BUFFER (145 MHz) 
DOUBLER (220 MHz) 

fig. 4. Schematic of whf converter designed for use on two meters (values shown are for 145 to 155 
MHz) and 220 MHz. Inductors and transformers are wound with no. 26 (0.4mm) wire. Tuned-
circuit values may be changed as required for operation in adjacent commercial bands. 

145 MHz 220 MHz 
C l 10 p F 3.9 p F 
C2 1.0 p F 0.68 p F 
C 3 15 p F 5 p F 
C 5 1000 P F 82 p F 
C 7 150 P F 82 p F 
ca 5 p F 3.9 P F 
C 9 1.0 P F 0.68 p F 
C 1 0 15 P F 5 p F 
C 1 3 270 p F 82 p F 
C 1 9 150 p F 600 p F 
C21 15 p F 20 p F 
C 2 3 270 p F 150 p F 
C24 150 p F 270 p F 
C 2 8 10 p F 20 p F 
L I 2-1/6 turns 2-1/6 turns 
L 4 4-5/6 turns 3-1/6 turns 
L 5 2-1/6 turns 2-1/6 turns 
L 8 14-1/3 turns 14-1/3 turns 
L I O 2-5/6 turns 3-5/6 turns 
L 1 2 4-1/6 turns 2-1/6 turns 
L 1 3 2-1/6 turns 2-1/6 turns 
T 1 Primary, 1-1/6 turns; Primary, 1-1/6 tu 

secondary, 3-1/6 secondary, 3-1/6 
turns turns 

T 2 Pr imary, 14-1/6 Primary, 14-1/6 t 
turns; secondary, 
2-5/6 turns 

secondary,2-5/6 turns 

diagrams (fig. 4 and 5) give details for 
various bands, including tuned circuit 
variations, bypass values, and local-
oscillator chain. 

The i-f output normally is 10.7 MHz 
for use with the i-f/audio board. How-
ever, the output transformer can be 
modified to cover other intermediate 
frequencies, such as 14, 28, or 50 MHz, 
if you wish to use the converter with a 
tunable receiver as an i-f. 

The converter board includes one 
oscillator. Multichannel operation may 
be accomplished by using a multi-
channel adapter2 in place of the built-in 
oscillator. The converter may be used 
for scanner operation by switching oscil-
lator frequencies in the multichannel 
adapter. 

The crystal in the converter is a third 
overtone, 0.002% unit cut for series 
resonance less 1000 Hz (many two-
meter transceiver crystals may be used). 
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The required crystal frequency is given 
by 

channel frequency - i-f 
X 

where X is the frequency multiplier. For 
channel frequencies of 30 to 60 MHz, X 

be trimmed to the desired operating 
frequency. 

construction 
Most pertinent construction details 

are shown on the component location 

CASC00E AMPLIFIER M XER 
Q i ,10.7 MHz. S O _ O H M 

i VFi i-F 
|OUTPUT 

#•40-60 MHz 
RANGE 
(5h Taxt) 

28 MHz 
L I 1 6 - 1 / 6 t u r n s 

L 4 17 -1 /6 t u r n s 
L 5 1 6 - 1 / 6 t u r n s 

L 8 1 4 - 1 / 3 t u r n s 
L 1 2 1 3 - 1 / 6 t u r n s 
L I 3 8 - 1 / 6 t u r n s 
T 1 P r i m a r y , 5 - 1 / 6 t u r n s ; 

s e c o n d a r y , 2 0 - 1 / 6 t u r n s 

T 2 P r i m a r y , 1 4 - 1 / 6 t u r n s ; 
s e c o n d a r y , 2 - 5 / 6 t u r n s 

50 MHz 
9 - 1 / 6 t u r n s 

10 -1 /6 t u r n s 

9 - 1 / 6 t u r n s 

1 4 - 1 / 3 t u r n s 

13 -1 /6 t u r n s 

8 - 1 / 6 t u r n s 

P r i m a r y , 5 - 1 / 6 t u r n s ; 

s e c o n d a r y , 1 1 - 1 / 6 t u r n s 

P r i m a r y , 1 4 - 1 / 6 t u r n s ; 

s e c o n d a r y , 2 - 5 / 6 t u r n s 

fig. 5. V h f converter for use on the six- and ten-meter amateur bands. A l l inductors and trans-

formers wound with no. 26 (0.4mm) wire. 

= 1; 90 to 130 MHz, X = 2; 130 to 180 
MHz, X = 3; and 180 to 230 MHz; X = 
4. The crystal should be cut about 1000 
Hz less than the calculated frequency. 
This fudge factor allows the crystal to 

diagram, fig. 6. Coil forms are the same 
as used in the i-f/audio board, except 
that carbonyl J slugs are used in the coil 
forms. Winding information for the i-f 
coil is for 10.7 MHz. For an i-f near 14 
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MHz, the primary winding should be 
reduced to about 10-1/6 turns. For 28 
MHz, the primary should be 7-1/6 turns, 
and the secondary should be 1-5/6 turns. 
For 50 MHz, capacitor C11 should be 
changed to 15 pF, and the turns should 
be as shown on the schematic. 

As a matter of interest, the uncon-
ventional long leads on a few of the 
components and the +13 volt connec-
tion to the center of the board permit 
maximum ground area in the board lay-
out. In effect, you get the ground plane 
performance of a double-sided circuit 
board without the problems encoun-
tered in working with two foils. 

When building the converter be sure 
to observe polarity on the electrolytic 
capacitor, and be sure to solder the 
shield can lugs to the board. If coil 
pruning becomes necessary, the shield 
cans may be unsoldered. All compo-
nents should be seated close to the 
board to provide short leads. If a multi-
channel adapter is to be used, the oscil-
lator on the converter board can be in-
cluded for test purposes and later dis-
abled when the adapter is connected. 

Phono connectors are used to allow 
easy connection to the board with 
coaxial cable. This may be done at a 
tuned circuit because the coax is termi-
nated at such a point. However, any 
connectors used in mid-line should be 
constant-impedance types for low loss, 
and phono and type-uhf connectors 
may put a bump in the line in such 
applications. Likewise, the cable should 
be chosen carefully for low signal levels. 
RG-8/U cable (or better] should be used 
unless you can accept the higher loss of 
the smaller cable types. If a separate 
transmitter is used with the converter, a 
good coax relay should be used to mini-
mize signal loss and to prevent coupling 
of large amounts of .rf into the front end 
of the converter. 

converter alignment 
The most difficult part of the align-

ment procedure is obtaining a stable test 
signal. Even my HP-608 signal generator 
takes several hours to settle down 
enough to stay within a 5 kHz passband 
at vhf. An alternative is a crystal-
controlled weak-signal source such as 

fig. 6. Component layout for the vhf con-
verters. Same circuit board is used for each of 
the converters shown in figs. 4, 5 and 6. Cir-
cuit board is 2Vs" (6.5cm) wide and A W 
(11.5cm) long. 

those which have been described in the 
past. An on-the-air test, if it can be ar-
ranged, is another possibility. 

Start with all adjustments at about 
half range. Tune in a signal, and peak all 
adjustments. If the coils do not peak 
within the range of the slug, an adjust-
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\ / 
VHF l-F/AF 

CONVERTER MODULE 

i—r 
VOLUME SQUELCH 

CONTROL CONTROL 

Q BASIC ONE-CHANNEL VHF FM RECEIVER 

UHF VHF 
CONVERTER 

AS l-F 

l-F/AF 

CONVERTER 

VHF 
CONVERTER 

AS l-F MODULE 

Q BASIC ONE-CHANNEL UHF FM RECEIVER 

UHF UHF VHF l-F/AF 

PREAMPLIFIER CONVERTER CONVERTER MODULE 

0 UHF FM RECEIVER FOR DEMANDING APPLICATIONS 

V 
UHF VHF VHF l-F/AF 

CONVERTER PREAMPLIFIER CONVERTER MODULE 

Q ALTERNATE UHF RECEIVER WITH VHF PREAMP FOR EXTRA GAIN 

\ / 
UHF l-F/AF 

CONVERTER MODULE 

Q ECONOMY MONITOR RECEIVER FOR UHF FM 

Q AODITION OF ADAPTER FOR MULTI-CHANNEL RECEPTION 

0 ALTERNATE METHOD OF CHANNEL SELECTION, 
USING SELECTION OF l - F 

o FM RECEIVER WITH MULTI-CHANNEL OPERATION 
AND SCANNER ADAPTER 

fig. 7. Some ideas for complete vhf receiver systems using the vhf converter and i - f /audio board 
described in this article. Kits for each of the circuits shown here are available f r o m Ha mtronics.* 
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ment in the number of primary turns 
may be necessary. Be careful, however, 
that you don't tune a multiplier coil to 
the wrong harmonic. Then, adjust the 
oscillator trimmer coil (L8) to net the 
converter to the channel frequency by 
monitoring the receiver discriminator or 
S-meter. Note that the crystal may be 
pulled enough for adjustment over a 
range of about 4 kHz at vhf. A vtvm 
connected to test point TP1 may be 
used for peaking adjustments when 
aligning a converter which will be used 
with the previously described i-f/audio 
board. 

The final alignment should be done 
by peaking all rf, i-f and multiplier or 
injection coils with a weak received sig-
nal. Antenna reactance may require that 
the input coil be repeaked when the an-
tenna is connected. Because of inter-
actions between pairs of coils, such coils 
should be peaked alternately until you 
find the combination which provides 
the test sensitivity. This is especially 
true of L12 and L13, which are some-
what overcoupled. There should not be 
any tendency to oscillate when the coils 
are peaked. 

When used with the i-f/audio board, 
the converter should provide sensitivity 

*The fo l lowing kits are being made available 
in conjunct ion w i th this article. Be sure to 
specify exact ly what you want, including fre-
quency band. 

l - f /Aud io Board ki t R40 $40.00 
Vhf Converter ki t C25 25.00 
Receiver ki t (both of above) R60 64.95 
Vhf Preamplif ier k i t P6 6.00 
Six-Channel Adapter k i t A13-45 12.95 
Scanner Adapter k i t AS-10 10.00 
Uhf Converter k i t U20-450 20.00 
Uhf Preamplif ier k i t P15-450 15.00 

When ordering please add shipping; New York 
residents please add sales tax. Quant i ty prices 
are available to clubs and to individuals who 
are interested in d ist r ibut ion at hamfests, etc. 
A complete catalog is available in exchange 
for a self-addressed, stamped envelope. Ham-
tronics. Inc., 182 Belmont Road, Rochester, 
New York 14612. 

of about 0.2 to 0.4 nV for 20 dB quiet-
ing. Meter action at TP1 on the i-f/audio 
board should start with as little as 20 
/iV of signal into the converter. 

If a multichannel oscillator is used in 
place of the converter's local oscillator, 
R5 and Q4 should be removed from the 
converter. The following parts also may 
be removed if desired: R1, R2, R3, R4, 
C14, C15, C16, Y1, L8 and shield. 

receiver system ideas 
After building the basic receiver you 

may wish to add accessories to extend 
its usefulness. Fig. 7 illustrates a variety 
of receiver configurations using the two 
boards described in this article as well as 
circuit boards featured in earlier articles. 

The arrangement in fig. 7A is the 
basic setup described in this article. The 
layout in fig. 7B uses the uhf converter 
described in a previous article2 for 
coverage of the 450-MHz amateur band. 
For weak signal uhf reception or long-
distance communications, a uhf pre-
amplifier may be included as shown in 
fig. 7C. An alternate layout that pro-
vices good uhf performance is shown in 
fig. 7D. 3 , 4 For uhf monitor service, the 
simple circuit of fig. 7E is recommended. 

Fig. 7F shows how a multi-channel 
adapter may be added to the circuit for 
mu l t i - channe l operation. A multi-
channel fm receiver with a scanner 
adapter5 is shown in fig. 7H. 

references 
1. Gerald Vogt , WA2GCF, " V H F FM Re-
ceiver," ham radio, November, 1972, page 6. 
2. Gerald Vogt , WA2GCF, " U h f Converter 
and Preampli f ier," ham radio, July, 1975, 
page 40. 
3. Gerald Vogt , WA2GCF, " Improved 6-
Meter Preampli f ier," ham radio, January, 
1973, page 46. 
4. Gerald Vogt , WA2GCF, " Improved 2-
Meter Preampli f ier," ham radio, March, 1972, 
page 25. 
5. Gerald Vogt , WA2GCF, "Channel Scanner 
for V H F F M , " ham radio, November, 1974, 
page 26. 
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using TTL ICs in 

single-sideband equipment 

Simple TTL IC 

ssb circuits include 

a complete transceiver 

using only three 

SN7400 NAND gates 

A while ago I was toying with T T L g 
crystal oscillators for use as clocks in < 
digital equipment. The performance of o 
standard multivibrator configurations £ 
(see fig. 1) was quite surprising. Just 2 
about every crystal I had performed £ 
equally well in the circuit. Funda- I 
mentals from 100 kHz to over 20 MHz -» 
all gave outputs of at least 2 volts peak- ® 
to-peak. Perhaps, I thought, these cir- a 

cuits could be used successfully as local 
oscillators in high-frequency ssb equip-
ment. 

Since the output of the circuit of fig. 
1 is a square wave, lower second har-
monic content can be expected as com-
pared to most conventional oscillators.1 

This can be a very good thing when try-
ing to filter out the spurious responses 
so often troublesome in homebrew ssb 
gear. 

mixer 

Having found a cheap, sure-fire local 
oscillator, A TTL-compatible mixer was 
required to provide the appropriate 
double-sideband signal. For this purpose 
nothing more complicated than a single 
NAND gate was found to be necessary. 
Two square waves, fl and f2, when 
applied to the separate inputs of a 
NAND gate, yield outputs of fl + f2 
and fl - f2. Hence the gate is perform-
ing the function of a product modula-
tor. If, however, one input to the gate is 
biased at the point (A) on the transfer 
characteristic shown in fig. 2, then a 
small signal applied to that input will be 
amplified linearly (see reference 2), and 
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also switched by the square-wave signal 
at the other input. Thus, if the switch-
ing signal is an rf carrier and the other a 
speech waveform, then the gate be-
comes a low level amplitude modulator. 
A carbon or crystal microphone used as 
the audio source will usually provide 
enough output to give a 100 per cent 
modulated signal. 

Reference 2 states that a TTL gate 
can give large amounts of gain at fre-
quencies as high as 10 MHz when oper-
ating as a linear amplifier. Thus it was 
decided to see if the device could be 
used as a simple and inexpensive rf 

ik 

1/4 
SN7400 

Ik 
-A'W-

4 

fig. 1. T T L oscillator for fundamental 
crystals operating in the range from 100 
kHz to 20 MHz. 

amplifier for small signals. The circuit of 
fig. 4 was lashed up, and, to my sur-
prise, it performed very well indeed 
when correctly biased. A gain of around 
15 dB was obtained at 8 MHz and there 
seemed to be no major instability prob-
lems. However, it is recommended that 
double-sided PC board be used with one 
side acting as a ground plane. Also 0.1 
juF and 100 juF capacitors should be 
wired across the supply pins of each IC 
to provide adequate decoupling of the 
+5 volt bus. 

ssb exciter using TTL gates 
In the junkbox at home I found a 

large number of 10XJ crystals of surplus 
origin with fundamentals of 3.446 and 
3.449 MHz. Not being able to think of 
anything else to do with them, I at-
tempted to make up something of an 
ssb filter for use in an exciter built 
around circuits similar to those outlined 

^ / / / / / A 

2 
§ 

a. 
8 0.4V 

P M . 

- USUAL operating regions 

1 

A (Saa Taut! 

z_ 0 0.8 V 2 0V 

INPUT VOLTAGE 

fig. 2. Transfer characteristics of the T T L 

N A N D gate. 

above. The unit was designed to gener-
ate and detect upper-sideband signals at 
3.447 MHz. Fig. 5 shows the circuit of 
the complete prime-mover. 

The oscillator section is straight for-
ward enough and uses a 3.446 MHz 
crystal for upper sideband and 3.449 
MHz for CW. Gates U1C and U1D are 
buffers for transmit and receive, respec-
tively. These are followed by controlled 
gates U3B and U2A which route the car-
rier to the appropriate mixer while shut-
ting the unused one off. PTT (or full 
break-in CW) is provided by U3A and 
U2B. 

Gates U2C and U3C are the mod-
ulator and detector, each giving an out-
put of 2 volts p-p for inputs of 100 mV 
or so. Following the modulator is a 
filter/amplifier arrangement comprised 
of crystals X2, X3, X4 and U2D which 
is used to supply a certain amount of rf 
clipping before the main filter. U3D, the 
remaining gate, is used as an rf amplifier 
preceding the product detector U3C. 

CARRIER 
FREQUENCY. L 

BIAS 
POT Wok 

m 

MODULATING 
FREOUENCY, f_ 

"o + 'm • o> 

I CARBON 
MIKE 

10 Iif 

JT 

-O +5V 

! CRYSTAL 
I MIKE 

fig. 3. Using the SN7400 gate as a product 
modulator (mixer). 
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fig. 4. S imple rf amplifier using a T T L N A N D 
gate. R f output is about 2 volts p-p for 100 
m v p-p input. 

Both U3D and U 2 D are controlled by 
the PTT voltage applied to their unused 
inputs. 

the filter 
The piece de resistance of most ssb 

rigs is their filter. Well, this one has 
quite a job to do since it must remove 
all the carrier from an a-m signal (the 
modulator is unbalanced) and also have 
a reasonable passband characteristic for 
good audio reproduction. The simple 

ladder arrangement shown in fig. 6 
seemed to work pretty well, but with an 
insertion loss of around 10 to 12 dB. 

All the series elements of the filter 
use 3.449 MHz crystals with additional 
capacitance shunted across them to give 
series resonant frequencies spread 
throughout the range from 3.4465 to 
3 . 4 4 8 5 MHz. The remaining shunt 
crystals are all resonant at 3.4460 MHz, 
the carrier frequency, and effectively 
shunt it to ground. 

In the original a total of twelve 10XJ 
crystals were used, giving about 45 dB 
of carrier and 35 dB of lower-sideband 
suppression. There is plenty of room for 
improvements in the filter design, how-
ever! 

summary 
In conclusion, we have here the basis 

of a very inexpensive unit which can 
generate and detect ssb signals at good 
quality with a minimum of external 
components. Transmit output power is 

fig. 5. Schematic diagram of a complete ssb transceiver using 7400 series ICs. Circuit for ssb filter, 
F L t , is shown In fig. 6. 
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on the order of 10 mW PEP and receiver 
sensitivity is about 50 mV for noise-free 
audio (i.e., an S9 input signal). It is in-
tended that the rest of the receiver gain 
be supplied by the preselector stages in 
the frequency translator. 

is a good idea to use an oscilloscope for 
setting the bias points as there is a con-
siderable variation in gate characteristics 
between samples. This is why potenti-
ometers are shown in all the previous 
circuits instead of fixed resistors. 

DSB - I — 1 — # — t — H K - t h I i — r H | i — r — f l i -
f ' 3.4465-3.4485 MHz 
f0 • 3.446 MHz 

(See Text) 

ft? 

fig. 6. Simple ladder filter for 3 .447 M H z upper sideband using surplus 10XJ crystals. 

As far as I can see, the standard TTL 
gate is probably the most useful active 
device available to the home constructer 
on a cost/performance basis. It seems 
that it can be used in almost any appli-
cation up to 20 MHz or so with a mini-
mum of external components and little 
diff iculty in setting up. Nevertheless, it 

references 
1. Max Robinson, K 4 0 D S , and John Smith, 
"Local Oscillator Waveform Effects on Spuri-
ous Mixer Responses," ham radio, June, 
1974, page 4 4 . 
2. Texas Instruments System 74 Designer's 
Manual, Texas Instruments, Inc., Dallas, 
Texas, page 20, note iii. 
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Kenwood TS-520 
CW filter option 
modification 

Owners of the Kenwood TS-520 
transceiver who have the CW filter in-
stalled are confronted with the problem 
that all CW reception must be with the 
narrow filter when transmitting in this 
mode. Often it's desirable and more 
pleasant to receive CW with a wider 
bandpass as on the upper and lower 
sideband modes. A very simple modifi-
cation consisting of the installation of 
an auxiliary switch permits the option 
of the wideband or CW narrowband fil-
ter. Fortunately the TS-520 mode con-
trol employs diode switching when in-
serting the CW filter. Thus lead length 
and capacitance are no problem, and the 
CW filter control leads can be extended 
and switched remotely or externally. 

The TS-520 has a flat plate on the 
chassis underside, which is part of the 
dial assembly and which is an ideal loca-
tion for such a switch. Adequate clear-
ance is available to install a miniature 
spdt switch by carefully drilling a hole 
in this plate for mounting the switch 
and a clearance hole in the bottom of 
the outer cover case to permit the 
switch handle to protrude without being 
obvious or defacing any panel space. A 
small three-wire cable connects the 
switch to the filter control circuit by 
attaching the center pole of the switch 
to the original brown common wire and 
connnecting one switch pole to the CW 
terminal on the TS-520 i-f circuit board 
and the other switch pole to the ssb ter-
minal. Thus you now have the option of 
a wideband CW position (ssb filter) or 
the 500-Hz CW filter by the simple flick 
of this switch. 

Bill Vandermay, W7ZZ 
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RTTY 
line-end indicator 

Solid-state RTTY 

line-end indicator 

uses CMOS logic ICs 

for high reliability 

and low 

current drain 

Can you type a smooth 60 words per 
minute? Would you like to have your 
R T T Y transmissions sound like com-
mercial press sent from a tape? It really 
is quite easy to do provided you are 
equipped with a tape perforator and 
transmitter-distributor. 

Unfortunately, many amateurs have 
the equipment but don't like to punch 
tape while receiving the other fellow's 
message. This is especially true when 
there is only one keyboard and printer in 
the station. You often hear, "How can I 
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punch tape without seeing what I'm 
typing; how will I know when I am near 
the end of the line?" Or, "I have two 
machines, but if I run them both at 
once my wife would throw me out of 
the house!" Relax! It can all be done 
with one machine with the printer copy-
ing the incoming traffic while the key-
board types the answers. Typing blind is 
really not difficult, and an occasional 
error will not really matter during a 
ragchew. It's the end of line that is 
annoying. 

Articles have been written about 
R T T Y line-end indicators,1 but they 
have all been based on mechanical 
switches, or counting word spaces in-
stead of letters, or other similar circuits. 
With today's digital and linear ICs it can 
all be done electronically with the line-
,end light or bell actuated at 66 char-
acters every time. 

The circuit shown in fig. 1, which 
uses RCA CMOS digital ICs and a bi-
polar timer, does this. The CMOS ICs 
have many advantages over the more 
familiar T T L logic family. Power con-
sumption is minimal. The whole circuit 
draws 5 mA quiescent or operating, 
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except when the light goes ort. The 
power supply voltage can be anything 
from 4.5 to 15 volts and does not really 
have to be regulated.* Further, the cir-
cuit needs only a few common resistors 
and capacitors. 

circuit operation 
In the circuit of fig. 1 an optical 

isolator, U1, in the 60 mA loop wil l 
turn its transistor output on and off in 
response to the mark-space code. The 
output is separated completely from the 
input and allows the 120-volt loop sup-
ply to be applied without any danger to 
the CMOS circuits. The zener diode 

across the input protects the optical 
isolator against incorrect polarity or too 
high a source voltage. 

The isolator collector is tied to the 
input of U2, an RCA CD4047 mono-
stable oscillator. The appearance of a 
start pulse will trigger the oscillator 
whose holding time is set by R1 and C1 
to 150 milliseconds, the time it takes 
for the start pulse, 5 code pulses, and 
part of the stop pulse to occur. The 
isolator output is also fed to U5, an 
RCA CD4015 shift register. This func-
tion wil l be explained later. Each time a 
character fires U2, its output wil l trigger 
U3, an RCA CD4017 divide-by-10 coun-

fig. 1. Schematic diagram of the R T T Y line-end indicator. Correct values for CI, C2, Rt, R2, and 
R3 are shown for speeds of 60 and 100 wpm. Power supply option for 6.3 Vac input is shown at 
lower right. Circled numbers refer to PC connector pins shown in fig. 2. 

spaed C1 C2 R1 R2 R3 
60 w p m 0 . 1 / i F 0.033/LtF 5 6 0 k 4 7 0 k 56k 

1 0 0 w p m 0 . 1 (JLF 0.033 (IF 3 3 0 k 2 7 0 k 5 6 k 

* A zener regulator wi l l help ho ld the clock 
frequency if the lamp load should cause a 
large change in supply voltage. 

ter which, after 10 pulses, wil l trigger 
U4, another RCA CD4017. 

The CD4017 has a serial input and 
output, but it also has ten outputs, one 
for each digit. Only one of these out-
puts wil l be at logic 1, or high, at any 
time. Each input pulse wil l move the 
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logical 1 state from pin to pin until, on 
the tenth pulse, it will be back where it 
started. 

This rotating logic 1 can be used to 
form a sort of combination lock when 
used in conjunction with some simple 
NOR gates. The output of a NOR gate 
will go high only when all of the gate 
inputs are low. Using this information, 

to be high. Under these conditions the 
output from U6C cannot go high to 
turn the lamp on. 

At count 60 the output of section 
U6B will go low, but from count 60 to 
67, the outputs from U3 units counts 8 
and 9 will be low, as will the connection 
from the U4 7 count. Therefore, the 
output from U6A will be high and the 

fig. 2. Printed-circuit layout for the R T T Y line-end indicator. The unused contacts at R1, R2and 
C2 are used, as required, for frequency adjustment. The connection from the collector of the 
transistor Q1 is chosen for relay or lamp option (see fig. 1). Connect the lamp to pins 2 and 6 of 
the board. For external power supply, omit the external 100 /iF capacitor, 120 ohm resistor and 5 
volt zener and short pin 1 of the board to pin 2. 

let's work back from the lamp which 
will signal that the end of the RTTY 
line is near. 

The lamp will be on when Q1 con-
ducts; that is, its base is greater than 0.7 
volt. The base voltage is supplied by the 
output of U6C, a NOR gate. For this 
gate to have a high output, its inputs 
from sections U6A and U6B must be 
low. For a count below 60 the leads 
from 6 and 7 of the tens counter will 
both be low, causing the output of U6B 

output from U6C will stay low - the 
lamp stays off. 

However, at count 68, the units 8 
will go high, driving the output of U6A 
low. Since the U6B output is also low, 
output from U6C will go high and the 
lamp will turn on. This same condition 
will exist at count 69. At count 70 both 
U6A and U6B will have a high input 
{from the 7 count on U4) and the lamp 
will stay on until count 80, which is 
way past the line end of 72 characters. 
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Now that the lamp has gone on, a 
few more letters may be typed and then 
carriage return-line feed-fetters. The car-
riage return code group is used to reset 

gate only when the carriage return 
character (SSSMS) is struck. The RCA 
CD4015 is a serial input, parallel out-
put, static shift register. Each time a 

fig. 3. Full-sued printed-circuit board for the R T T Y line-end 
indicator. Component layout is shown in fig. 2. 

the counters to zero for the next line. 
Here's how it works: A shift register, 
U5, used to read the five-unit Baudot 
code, is preset to trigger another NOR 

pulse appears at its clock input, the 
information already in the register is 
shifted over one stage. The parallel out-
put allows data monitoring at each stage. 
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The clock pulses are provided by an 
RCA CA555 astable t imer, U9, set for 
approximately the same pulse w id th as 
the 22 millisecond Baudot code. The 
start pulse at the output of the optical 
isolator wi l l turn on the monostable 
oscillator, U2, and wi l l also appear at 
the data input of the shift register, U5. 
The oscillator output , in turn, wi l l trig-
ger the astable t imer, U9, but wi l l al low 
it t o stay on only for seven pulses. 
These seven pulses wi l l clock the register 
for each of the seven mark, or space, 
pulses of a Baudot character. Af ter 
seven pulses the register wi l l contain the 
code for the character sent. 

Ignoring the start and stop pulses, 
the five-character code pulses available 
at the parallel outputs can now be 
checked to see if they fo rm the code 
group for carriage return (SSSMS). By 
placing inverters in each of the space 
outputs, all outputs applied to U8 
(RCA CD4078) become low. This con-
di t ion wi l l occur only for carriage return 
(for any other character, one or more of 
the outputs wi l l be high). With all inputs 
low, the output of U8 wi l l go high and 
reset U3 and U4. While the seven pulses 
are being fed into the shift register, the 
output of U8 is kept low by the input 
lines (pins 9, 10, 11) which are t ied to 
the high output of U2. 

If you were concerned about the 
lamp going on too close to the line-end 
after character 68 was struck, relax. Al l 
amateurs send the carriage return-line 
feed-letters combination at the end of 
line. The last two functions do not 
move the type box, so the lamp wi l l go 
on at 66 printed characters, the same as 
the mechanical switch on the printer. 
Use of the figures or letters key on any 
line of type provides a safety factor. 
They wi l l be counted even though there 
is no print. 

Construction is simple whether you 
use hand wir ing or a printed-circuit 
board. The layout of the circuit board is 
shown in fig. 2. The board can be 

m o u n t e d inside the machine. The 
printer remains in the T U loop while the 
keyboard and line-end indicator input 
are put in series in a separate loop to the 
perforator (watch the polar i ty). 

If the board is too big, as shown, you 
can build a smaller one as there really is 
nothing critical. The only adjustments 
are to the two oscillators. The values 
shown in fig. 1 should work w i th no 
problem. For exact adjustment use a 
digital counter and vary R1 and/or R2 
for the monostable oscillator, U2, and 
astable oscillator, U9, respectively. Set 
the monostable for 150 milliseconds (7 
Hz) and the astable for 22 milliseconds 
(45 Hz). If in doubt, set the astable 
slightly on the low frequency side. The 
rise t ime of its pulses can occur anytime 
during each 22 millisecond Baudot pulse. 

A relay to turn on an existing margin 
light may be substituted for the lamp 
shown in f ig. 1. The PC board provides 
contacts for a relay such as the General 
Reed GR410-P5 or Clare MRB 1A05. 
Just wire the relay contacts in parallel 
w i th the machine margin switch. 

The circuit board also provides for a 
rectifier diode to allow use of 6.3 volt 
ac power. A dropping resistor and 5.1 
volt zener diode are added to prevent 
wide voltage swings as the lamp turns on 
and of f . 

conclusion 

And what do you have after you 
bui l t this CMOS line-end indicator? 
You can receive a message and while 
reading what is being printed, you can 
type answers to questions, ask questions, 
or make comments. When the other 
station signs, you can turn on the trans-
mitter and TD and continue to punch 
tape while you are transmitt ing com-
mercial qual i ty, 60 wpm copy. 

reference 
1. H. Dressel, W2UVF, " R T T Y Line Length In-
dicator,'"ham radio, November, 1973, page 62. 
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tunable audio filter 
for weak-signal 

communications 

A discussion of 

weak-signal CW 

detection techniques, 

including a versatile, 

high-performance 

audio filter 

i 
o 
CM O 
in 
CO 
.2 'c 

<n O > 
o 

O 
a." 
0 
1 co * 

> (0 "O jo 
"o 
I 
c 
V 

Although there has recently been a great 
deal of controversy over the value of 
CW communications, CW continues to 
be the most efficient mode of radio 
transmission. This was true in the first 
successful transatlantic tests of the 
1920s and it is still true today as ama-
teurs work to improve the reliability of 
EME, meteor scatter and long-range 
tropospheric communications. Once a 
communications path has been proven 
to exist with CW, amateurs usually find 
a way to use ssb (or other mode) over 
the same path. CW is also valuable for 
working DX on the high-frequency 
bands when propagation conditions are 
poor, particularly during periods of low 
solar activity. 

Amateur communications equipment 
has come a long way since 1921 when 
Paul Godley set up a receiving station 
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on the Scottish coast to listen for signals 
from the United States. Now our trans-
mitters run higher power, are more effi-
cient and are stable; high-gain, direc-
tional antennas are commonplace and 
our stable and sensitive communications 
receivers are equipped with highly selec-
tive mechanical or crystal filters. 

The communications receiver condi-
tions the incoming CW signal so that the 
greatest receiver of all — our ear-brain — 
can capture that first detectable signal. 
The ear is capable of receiving signals 
from less than 20 Hz to more than 20 
kHz and, when coupled with the brain, 
forms an extremely efficient and versa-
tile CW detector. Furthermore, the ear-
brain combination is capable of acting 
l ike a variable-frequency, variable-
bandwidth audio filter which allows us 
to detect and copy signals which are 
buried in the noise or nearly obliterated 
by interference. 

The human ear is actually able to 

fig. 2. Universal Active Filters manufac-
tured by K T I . 

hear signals which are below the noise 
level.1 Tests conducted by W2IMU, us-
ing a 3 kHz bandwidth receiver and a 
signal generator, showed that when a 
CW signal is adjusted to the same audio 
level as the noise (zero dB signal-to-
noise ratio), the signal was 100 per cent 
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fig. 1. Critical bandwidth of the human ear as a function of frequency. 
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readable. The input signal was then re-
duced in 3 dB steps. Copy became more 
difficult but callsigns could still be accu-
rately identified at 9 to 12 dB below the 
noise level. Although the presence of 
signals 20 dB below the noise could still 
be detected, the signals could not be 
copied. 

The reason that these weak signals 
can be copied reliably is that the ear-
brain filter has narrowed its bandwidth 
to approximately 50 Hz! The graph of 
fig. 1 shows the frequency response of 
the human ear vs its bandwidth.2 This 
curve also shows that 1000 Hz is not the 
optimum tone with which to copy weak 
CW signals. Most amateurs who have 
worked with weak CW signals have 
found that they prefer a lower pitch as 
signals get weaker. Fig. 1 shows why. 

Q HIGHPASS 

fig. 3. Comparison of active filter outputs as 
a function of frequency. 

Another reason to lower the fre-
quency of the signal you want to copy 
is that, if there is interference, the 
lower-frequency signal is easier to de-
tect. For example, if the frequency dif-

ference between the desired and un-
desired signals is 100 Hz, and the de-
sired signal is tuned for a 1000 Hz pitch, 
the frequency difference is only 10 per 

lOOk 

fig. 4. Basic schematic of the K T I Uni-
versal Active Filter. 

cent. If you tune the desired signal for a 
500 Hz pitch, the frequency difference 
is increased to 20 per cent, a 2:1 im-
provement. 

The human ear-brain also copies sig-
nals by comparing signal against signal 
or signal against noise. If a narrow band-
pass filter, say 200 Hz, is used in the 
receiver it excludes other signals as well 
as some of the noise. This is fine for 
strong signals but causes problems with 
weak ones because too much bandwidth 
restriction limits the amount of noise 
the ear has to compare with. 

Very sharp filters also have a ten-
dency to "ring" — this ringing sounds 
much like the signal and makes signal-
to-noise comparison difficult, if not 
impossible, with very weak CW signals. 
In addition, narrow bandwidth filters 
are usually tuned to some fixed fre-
quency so the individual operator can-
not optimize the frequency and band-
width of the filter to complement his 
own ear. 

Since the human ear is already capa-
ble of 50 Hz bandwidth, very narrow 
filters are not the best for weak CW 
detection except for eliminating inter-
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ference. What is needed is a variable fre-
quency and variable bandwidth filter 
that can be adjusted for various operat-
ing conditions. Variable audio filters are 

sponse to less than 10 Hz, They can also 
provide simultaneous highpass, bandpass 
and lowpass outputs as shown in fig. 3 
so they are ideal for such applications as 

-O -»I2 TO 20 VOC 
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R 3 R 1 3 Sets i npu t level ( 1 0 V p-p m a x i m u m ) , 
not n o r m a l l y r equ i r ed 
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S I 4 p o s i t i o n , non - sho r t i ng r o t a r y sw i t ch 

F r e q u e n c y ad jus t . Dua l 5 0 k po t en t i -

ome t e r , C C W log taper ( A l l e n - B r a d l e y 
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B a n d w i d t h ad jus t . 1 0 k p o t e n t i o m e t e r , 

l inear taper 
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Wid th ) 

fig. 5. Tunable audio filter uses KTI FX-60 Universal Active Filter and provides highpass, bandpass 
and lowpass outputs. Circuit tiias unity voltage gain so it may be switched in and out of the 
receiving system as required without adjusting the audio gain control. Printed-circuit layout for the 
filter is shown in fig. 6. 

T 1 24 vo l t , 1 80 m A powe r t r an s f o rme r 
(S igna l PC 24 - 180 ) 

difficult to build with lumped values of 
inductance and capacitance, but modern 
integrated-circuit technology provides 
the basis for excellent audio CW filters. 
Kinetic Technology* has developed a 
line of Universal Active Filters which 
can be used from less than 1 Hz to 
greater than 100 kHz, depending on the 
model. The bandwidth of these active 
filters can be adjusted for a flat re-

* K T I / D i v i s i o n Baldwin Electronics, Inc., 
3393 De La Cruz Boulevard, Santa Clara, Cali-
fornia 95050, telephone (408) 296-9305. 

speech filters, notch filters, tone en-
coders, RTTY and, best of all, CW filters. 

tunable cw filter 

The KTI active filters use three oper-
ational amplifiers in a stable, negative-
feedback circuit {fig. 4) which is com-
monly called a bi-quad. Although a com-
plete description of device operation 
and its various connections is beyond 
the scope of this article, complete data 
is available from KTI. 

A tunable CW filter which uses the 
KTI FX-60 and an LM380 audio ampli-
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tier is shown in fig. 5. This filter tunes 
the audio range from 300 to 1800 Hz 
and its bandwidth can be adjusted from 
50 to 1200 Hz. The filter, which has 
unity gain and is built on a printed-
circuit board, is designed to be plugged 
into the headphone Jack of a communi-

(C1, R14, C2) passes the audio fre-
quencies but blocks rf energy. Resistor 
R13 is used to lower the input signal 
level, if required, to the FX-60 active 
filter. The dual 50k potentiometer, R3A 
and R3B, sets the frequency of the filter 
while the bandwidth is adjusted with 

S2 

t T b 

y'. 'fii' r — - S f e r 

BANCWlDTM 

fig. 6. Component layout for the tunable 
audio filter. Full-size printed circuit is 
shown in fig. 6. 
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cations receiver. The output is then con-
nected to the speaker or headphones 
and the filter can be switched into the 
circuit as required. The LM380N pro-
vides two watts of audio output, more 
than enough for most applications. 

In the circuit of fig. 5 the audio signal 
from the receiver is introduced to the 
CW filter at J1. The input pi network 

potentiometer R9. The function switch, 
S1, selects the highpass, bandpass or 
lowpass output from the FX-60 or 
switches the filter out of the circuit. 

In the active filter circuit resistors R1 
and R12 provide the necessary biasing 
so the FX-60 can be operated from a 
single, positive power supply, Resistor 
R11 allows the three outputs to be at 
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Tunable audio filter built by W I D T Y is housed in Ten-Tec JW-5 enclosure. 
Input and output jacks are on rear panel. 

Construction of the tunable audio filter built 
by W I D T Y using printed-circuit board available 
from Holladay Communications. Input and 
output jacks are on rear panel, left. Board is in-
stalled on chassis with 0.25" (7mm) spacers. 

the same level. R10 limits the widest 
bandwidth while R9 sets the narrowest 
limit. 

During setup resistor R8A is adjusted 
until the circuit goes into oscillation; the 
correct value is that just before the cir-
cuit oscillates. The narrowest bandwidth 
will vary from unit to unit, and some 
may not require R8A. Resistor R16 
maintains filter stability at the narrow 
bandwidth setting and capacitors C4 and 
C5 set the frequency range. 

The National LM380N audio power 
IC is connected to the function switch 
through the dc blocking capacitor, C6. 
Resistors R5 and R6 set the input level 
and capaci tor C7 provides high-
frequency rolloff at 4 kHz. The series 
RC circuit (R7, C9) from the output pin 
to ground prevents high-frequency 
oscillations. 

The tunable audio filter is built on a 
3 by 4.4 inch {7.6 by 11.2cm) printed-
circuit board. The component layout is 
shown in fig. 6. Printed-circuit boards 
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and special components are being made 
available in conjunction with this article* 

The tunable audio filter may be used 
to improve various types of receiver sig-
nals. In the lowpass mode it can be help-
ful with ssb reception. For use on CW it 
should be set to the bandpass position, 

is quite simple and there is no preset 
adjustment to follow. Some amateurs 
like to use the unit in the narrow band-
width, lowpass mode (fig. 8) as this pro-
vides some low-frequency noise to 
which the ear can compare weak CW 
signals. 

fig. 7. Full-size printed-circuit layout for the tunable audio filter. 
Dri l led PC boards are available (see footnote below). 

adjusted to narrow bandwidth and 
peaked on the desired CW signal. The 
optimum frequency and bandwidth will 
vary from operator to operator, as dis-
cussed previously. Operation of the unit 

f ig . 8 . F r e q u e n c y response of the tunable 
audio filter set for narrow bandwidth in the 
lowpass position. T h i s response is sometimes 
preferred for weak-signal CW work. 

*The following components can be supplied: 
d r i l l e d and plated printed-circuit board, 
$5.75; K I T FX-60 Universal Active Filter, 
$6.95; National LM380N audio power IC, 
$1.75; Allen-Bradley dual 50k potentiometer, 
CCW log taper, $7.30; power transformer. Sig-
nal PC 24-180, $4.80. Wired and tested filters, 
model AF-100, complete with enclosure are 
also available for $60.00. Order from Holla-
day Communications, 2140 Jeanie Lane, 
Gilroy, California 95020. 

references 
1. R. Turrin, W2IMU, "Simple Super Selec-
tivity," QST, January, 1967, page 48. 
2. P. Laakmann, WB6ION, "Signal Detection 
and Communication in the Presence of White 
Noise," ham radio, February, 1969, page 16. 
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frequency 
selective 

and sensitivity 
controlled 

sstv preamplifier 

Discussion of a 

specially designed 

op-amp circuit 

for reception of 

sstv pictures 

under adverse 

operating conditions 

Generally the input circuit of a sstv re-
ceiver uses a l imit ing amplif ier so the 
frequency-modulated sstv signal is inde-
pendent of amplitude variations. If this 
amplifier is not frequency selective and 
not sensitivity controlled, all signals 
wi th in the range of the sstv signal fre-
quency w i th amplitudes high enough to 
be limited wil l pass through the circuit 
and influence the picture. 

Some sstv receivers use a f i l ter in the 
input stage, but its efficiency depends 
on the signal strength, and undesired 
weaker signals, including unwanted sstv 
signals at the same frequency, wil l not 
be suppressed. A frequency-selective 
and sensitivity-controlled l imit ing ampli-
fier avoids these disadvantages. It can be 
used as a preamplifier wi th any sstv re-
ceiver and permits the reception of sstv 
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pictures under extremely adverse condi-
tions. 

In the block diagram of the system 
shown in f ig. 1, the linearly amplif ied 
input signal passes through a high-pass 
fi l ter and appears as a square-wave signal 
at the output of the comparator only if 
its amplitude exceeds that of the refer-
ence voltage, which is proport ional to 
t h e peak voltage of the 1200-Hz 
synchronizing signal. 

With this circuit the cutof f frequency 
of the high-pass f i l ter is independent of 
the input amplitude. Furthermore, the 
sensitivity of the comparator is adapted 
to the amplitude of the sstv signal. 
Weaker signals, including sstv signals 
which are weaker than the desired 
signal, are total ly suppressed. 

Fig. 2 shows the circuit in detail. The 
back-to-back diodes (CR1 and CR2) at 
the input protect the linear amplif ier, 
U1, f rom excessive drive. The high-pass 
fi l ter (U2 and U3) is an active Tscheby-
scheff f i l ter of the order n = 4 wi th a 
cutof f frequency of about 1000 Hz 
( -60 dB/decade). 

The frequency of the selective ampli-
fier, U4, can be tuned to 1200 Hz by 
means of potentiometer R1. The peak 
voltage detector (U5 and U6) has a 
charging time constant of about 1 milli-
second; the discharging time constant 
was chosen to be about 1 second. 

The comparator, U7, is clamped by 
two back-to-back diodes to l imit the 
output amplitude to 0.7 volt. In most 
cases this amplitude is still too high and 

* A printed-circuit board and parts kit are 
available from the author. 
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must be further reduced, typically to 
100 millivolts or so. The output can be 
adjusted to the required level with 
potentiometer R4.* 

To adjust the system first short the 
input of U1 and set the output of U6 to 

zero voltage with potentiometer R2. 
Feed an sstv signal into the input and 
adjust R1 for maximum reference volt-
age. Now reduce the reference voltage 
with R3 as much as is required to 
synchronize the picture. Otherwise the 

1OOO Hi 
HISH PASS 

fILTER 

1OOO Hi 
HISH PASS 

fILTER 
VOLTAGE 

COMPARATOR 

1OOO Hi 
HISH PASS 

fILTER 
VOLTAGE 

COMPARATOR 

VOLTAGE 

COMPARATOR 

INPUT 
FROM 

LOUDSPEAKER 

LINEAR 

AMPLIFIER 

fig. 1. Block diagram of 
a frequency-selective 
and sensit iv i ty-con-
trolled sstv preamplifier which permits reception of sstv signals under adverse conditions. 

table 1. Operating specifications for the fre-
quency-selective and sensitivity-controlled 
sstv preamplifier. 
Input sensitivity 1 mV rms 
Regulating range 1 m V to 500 mV rms 
Frequency range 1000 to 2800 Hz 
Power requirements ±15 volts, 16 mA 

reference voltage is too high and the 
synchronizing frequency cannot pass 
through the comparator. Complete spec-
ifications for this circuit are given in 
table 1. 

ham radio 

LINEAR I000 Hz HIGH-PASS FILTER COMPARATOR 

fig. 2. Circuit diagram of the 
frequency-selective and sen-
sitivity-controlled sstv pre-
amplifier. 

220k f>2 220k 
2X 20K 2* 
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R T T Y operation made me aware of the 
need for frequency stability in my re-
ceiver. When copying nets receiver drift, 
although small, became a big problem. 
For example, autostart nets demand re-
ceiver stability on the order of several 
Hz. I tried the usual remedies to im-
prove receiver frequency stability: volt-
age regulation, ventilation, and reduced 
heat sources but more stability was 
needed. Crystal control was the obvious 
answer. 

the rock-mixer 
My approach to the problem was 

simple and inexpensive. The device de-
scribed here, which I call the rock-
mixer, uses only a handfull of ICs and 
very few crystals. In fact, one odd-ball 
crystal and the rock-mixer will allow 
you to tune the entire 20-meter band 
with crystal control all the way. The 
rock-mixer is easy to adapt to almost 
any receiver — no phase-locked loops, 
no filters, and no other synthesizer-type 
complications. 

The rock-mixer creates two frequen-
cies and combines them to produce a 
pulse train with which your receiver 
local oscillator can synchronize. Your 
job is to determine what combination of 
frequencies to use, given the modest 
selection of crystals you might have on 
hand. You don't even need crystals in 
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table f . N values and lock-on frequencies produced 
when the receiver local-oscillator f requency is above 
the crystal f requency. F x = 1 5 0 0 0 k H z , Fj_f = 1 6 5 0 
k Hz. 

n 
19 
20 
21 

22 
23 

divide-by-ri 
output, 

F x / n 
(kHz) 

7 8 9 . 4 7 4 
7 5 0 . 0 0 0 
7 1 4 . 2 8 6 
681.818 

6 5 2 . 1 7 4 

LO frequency 
[ F x + (F x /n) ] 

(kHz) 
1 5 7 8 9 . 4 7 4 
1 5 7 5 0 . 0 0 0 
1 5 7 1 4 . 2 8 6 
1 5 6 8 1 . 8 1 8 
1 5 6 5 2 . 1 7 4 

received frequency 
[ F x + (F x / r> ) ] - F j . f 

(kHz) 
1 4 1 3 9 . 4 7 4 
1 4 1 0 0 . 0 0 0 
1 4 0 6 4 . 2 8 6 
1 4 0 3 1 . 8 1 8 
1 4 0 0 2 . 1 7 4 

c rys ta l f r e q u e n c y 1 5 0 0 0 k H z 
F j . f = i n t e r m e d i a t e f r e q u e n c y = 1 6 5 0 k H z 

the amateur bands; surplus crystals work 
fine and are inexpensive. 

Fig. 1 is a version of the rock-mixer 
which includes a variable frequency 
crystal oscillator, a divide-by-/7 circuit 
(VXO), a mixer NAND to combine the 
fundamental and divided frequencies, 
and a coupling capacitor to your re-
ceiver local oscillator (LO). The coup-
ling capacitor can be a gimmick (wire 
twisted around the grid lead to the LO 
tube). 

operation 
The V X O provides a stable fre-

quency, which is tunable over a modest 
range. The output of the divide-by-/7 is 
added to or subtracted f rom the VXO 
frequency to produce a pulse train f rom 
the mixer NAND to which the receiver LO 
can lock. Example: suppose you wish to 
tune in a station at 14062 kHz and the 
crystal you choose is 15000 kHz. To 
tune 14062 kHz w i th an i-f of 1650 kHz 
requires 15712 kHz at the receiver local 
oscillator, which is a frequency differ-
ence of 712 kHz. To get a ballpark value 
for n, divide 15000 by 712, which 
equals 21.067. Note, however, that only 
whole numbers can be used in the divide-
by-/? circuit, which must provide a pulse 
train wi th a frequency that the receiver 
local oscillator can lock onto to produce 
the frequency to be received (14062 
kHz), 

Table 7 shows what can be expected 
for n between 19 and 23, for example, 
in the 20-meter band when the local 
oscillator frequency is above that of the 
V X O crystal. Note that the integer 21 
yields a received frequency of 14064 
kHz. But since we wish to receive 14062 
kHz, we must f ind a frequency to which 
the 15000-kHz crystal can be VXOed to 
produce 14062 kHz. 

When the local oscillator frequency is 
above the crystal frequency, 

"Ax 
(Fd + F,. f)/? 

n+ 1 
(1) 

where 

F A X crystal frequency changed by 
the VXO 

F d = desired frequency 
(14062 kHz) 

Fj.f = intermediate frequency 
(1650 kHz) 

n = number to which the divide-
by-n circuit is set (21 in the 
example) 

If the local oscillator frequency is below 
the crystal frequency, simply replace 
n + 1 in the denominator of eq. 1 w i th 
n-1. 

Using the example above, in which 
the local oscillator frequency is above 

vxo NAND vxo 

I ' 

RECIVER 
LOCAL 

OSCILLATOR 

1 TO RECEIVER 
MIXER 
INJECTION 
GRID 

fig. 1. Rock-mixer block diagram. Circuit fea-
tures surplus crystals and readily available ICs. 
The value is determined by formula t o pro-
duce a synchronizing pulse train for the re-
ceiver L O . 
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the crystal frequency, then the fre-

quency to which the crystal must be 

VXOed to receive 14062 kHz is 
14997.818 kHz. By VXOing the 
15000-kHz crystal to 14997.818 kHz 
and setting the divide-by-/? circuit to 21, 
a pulse train of 15712 kHz will be 

table 2, Receiver frequency ranges for 

the 20-meter band as a funct ion of n, 

using a 1 5 - M H z crystal. 

n frequency tuned by each n 
n (kHz) 

2 1 1 4 0 0 1 t o 1 4 0 7 7 

2 0 1 4 0 3 7 t o 1 4 1 1 3 

19 1 4 0 7 6 t o 1 4 1 5 2 

18 1 4 1 2 0 t o 1 4 1 9 6 

17 1 4 1 6 9 t o 1 4 2 4 5 

16 1 4 2 2 4 t o 1 4 3 0 0 

15 1 4 2 8 6 t o 1 4 3 6 3 

14 1 4 3 5 7 t o 1 4 4 3 4 

produced from the mixer NAND to 
which the receiver local oscillator can 
lock onto to bring in the station at 
14062 kHz. 

You'll note that other frequencies 
will appear in the mixture feeding the 
local oscillator, but the predominant 

table 3. S e l e c t e d f r e q u e n c i e s f o r R T T Y 

frequency 
(kHz) station 

3 6 0 0 A u t o s t a r t net 

3 6 2 3 W 1 A W A R R L H e a d q u a r t e r s 

3 2 2 3 W B R 7 0 M i a m i W X 

8 1 0 5 W B R 7 0 M i a m i WX 
8 1 0 5 W B R 7 0 M i a m i W X 

8 1 0 5 W B R 7 0 M i a m i W X 

1 2 1 7 5 W B R 7 0 M i a m i W X 

1 2 1 7 5 W B R 7 0 M i a m i W X 

8 1 8 3 UPI News in Eng l ish 

1 9 5 3 7 A P News in Eng l i sh ( N Y C ) 

5 4 6 0 V o i c e o f A m e r i c a ( U S I S ) 

5 4 6 0 V o i c e o f A m e r i c a 

1 0 9 7 2 V o i c e o f A m e r i c a 

frequency is the crystal frequency plus 
the divide-by-n output (see table 1). 

Now let's review what we did. The 
15-MHz crysta l frequency has been 
changed by the VXO to 14997.818 

kHz. Since n is 21, the divide-by-n 
output is 714.182 kHz; therefore, the 

s u m and difference frequencies are 

15712.000 and 14283.637 kHz, respec-
tively. 

To attain lock is a simple matter. 
Tune the dial to a point near the ex-
pected place. As you approach it the 
receiver will lock from as far away as 50 
kHz under the right conditions. When a 
lock has been attained you can tune the 
receiver knob a modest amount on 
either side and not lose the desired 
station. When you exceed the lock-in 
range you will hear squishing noises as 
well as other stations, but you won't 
lose the desired station. If you desire to 
fine-tune the station, then tweak the 
VXO knob and the receiver will follow. 

When the lock-in condition exists, 
the receiver tuning will be under com-
plete control of the VXO: thus the 
VXO knob is now the receive tune 
knob. The tuning range will be limited 
to the extent that you can "rubber" the 
crystal. For a 15-MHz crystal my VXO 
covers 14940 to 15012 kHz. Table 2 

sing the S X - 1 0 0 receiver ( 1650 -kHz i-f). 

speed/shift crystal frequency 
( w p m / H z ) n ( M H z ) 

6 0 / 8 5 0 22 5 . 0 2 

6 0 / 1 7 0 - 8 5 0 2 0 5 .02 

6 0 / 8 5 0 12 9 . 0 0 

6 0 / 8 5 0 12 9 . 0 0 

6 0 / 8 5 0 1 4 9 . 1 0 
6 0 / 8 5 0 4 0 1 0 . 0 0 

6 0 / 8 5 0 13 1 5 . 0 0 
6 0 / 8 5 0 1 4 0 1 3 . 9 2 

6 6 / 5 5 0 1 1 o r 2 2 9 . 0 1 
6 6 / 4 0 0 6 or 12 9 . 0 8 

6 0 / 4 0 0 6 4 7 . 0 0 

6 0 / 4 0 0 9 8 . 0 0 

6 0 / 4 0 0 12 1 1 . 6 5 

shows the corresponding ranges that can 
be covered on 20 meters with the 
15-MHz crystal in the VXO and with 
the divide-by-n circuit set as shown. 
{Remember the i-f was 1650 kHz.) 
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Table 2 shows that the entire 20-
meter band can be received, crystal con-
trolled, using only one crystal. In my 
case a 15-MHz rock was used, but note 
that almost any crystal near 15 MHz 
will work. For example, a 15239 kHz 
crystal or another oddball like 14875 
kHz would work just as well; the only 
change would be the n value required. 

You don't need to make a fundamen-
tal pulse train, because harmonics and 
subharmonics are almost as good. In the 
examples with two n values the oscil-
lator is made to lock onto frequencies 
twice removed from the usual fre-
quencies. Consider a 10-MHz V X O and 
an n value of 10. The receiver oscillator 
can just as easily lock onto 9.0, 10.0, 

fig. 2. Circuit for one or two crystals. A pair of 7404s form the V X O and the second crystal 
oscillator. A 7440 drives a counter and provides mixing for the divide^by-n circuit. 

Table 3 shows several frequencies I 
use for R T T Y . These are real examples, 
so included in the list are the n values 
and the nominal crystal frequency to 
tune in the particular station. Some 
examples in table 3 are straightforward 
and some are a little tricky. The one at 
3223 kHz is a case in point. The 9-MHz 
crystal and the divide-by-12 circuit pro-
duce 9746 kHz to which the receiver 
LO at 4873 kHz can easily lock (i-f is 
1650 kHz). 

and 11.0 MHz. Now make n = 20 and 
lock-on to the same frequencies occurs 
as well as to many others, such as 9.5, 
10.5, 11.5 MHz, etc. There are other 
reasons to use the doubled n value, 
which are treated later. 

two-crystal rock-mixer 

There may come a point when you 
give up trying to find a good combina-
tion of n with a crystal you have avail-
able. Enter the two-crystal rock-mixer. 

november 1975 Gfl 41 



In this arrangement you have one 
crystal in the VXO and a different 
crystal feeding the divide-by-r? circuit; 
thus, you have greatly expanded the 
rock-mixer capability. 

Fig. 2 shows the rock-mixer circuit in 
which one or two crystals can be used. 
Two 7404 hex inverters form the VXO 1 

and the second crystal oscillator. Two 

Table 4 shows the application of the 
7493 for this purpose. 

Fig. 3 depicts the shift registers and 
the logic to divide by any number from 
1 to 100. This circuit was found in the 
Fairchild 7 7 1 Applications Handbook.2 

The only changes I made were to sub-
stitute some equivalent ICs instead of 
those in the reference. 

SWITCH 
CODE A B C 

fig. 3. Log ic for dividing by any number between t and 100. Circuit divides by one more than 
shown by selector switch (fig. 4), thus dials should be set at 00 to divide by 1; 09 to divide by 10; 
29 1o divide by 30; etc. 

variable capacitors are shown with two 
crystal sockets. It is important to keep 
circuit stray capacitance at a minimum 
when varying the crystal frequency in 
the high direction. Note that no switch 
is used for changing crystals, because it's 
not possible to keep stray capacitance 
to a low enough value with any type of 
switch. 

The divide-by-n circuit consists of 
two parts: a set of two 74195 shift 
registers (fig. 3) and a 4-bit binary IC 
(7493) connected to divide by 1, 2, 4, 
8, 16. The 7493 is a "division range 
increaser," but more important is its 
function as a "duty-cycle improver." 

Briefly, the operation of the circuit is 
as follows. At the end of a divide se-
quence the registers are loaded with the 
data from the selector switches con-
nected to wires a, b, c, and d. The 
registers then clock away until all out-
puts connected to the 7430 NAND are 
high, thereby producing an output pulse 
that loads the data, and the process 
repeats. The data can be selected by two 
4 - p o l e , 10-position selectors wired 
according to the switch code. A less 
expensive alternative using diode logic 
and two 10-position selectors of one 
pole each is shown in fig. 4. The switch 
code calls for either a 1 or a zero. The 
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zero means to ground the point, and the 
1 means to leave it open. The system 
counts one more than the data loaded, 
so if you want to divide by 23 you must 
set the switches for 22. 

The rest of the circuit of fig. 2 is self 
explanatory. A part of the 7440 NAND 
is used to drive a counter. The other 
part of the 7440 is the mixer, whose 
output connects to a level-adjusting pot, 
then to the BNC connector, which leads 
to the receiver local oscillator. The 
power for the unit is +5 volts at 225 mA 
maximum when no crystals are in place. 
At 15 MHz only 170 mA is required. I 
used an old 6.3-Vac filament trans-
former, a diode bridge rectifier, a 1000 
juF electrolytic, and a three-terminal, 
5-volt regulator. This circuit provides 
adequate power to the regulator; and at 
the maximum condition of 225 mA, the 
supply provides 8.3 volts at the regula-
tor input. 

crystal sources 
Crystals for the rock-mixer are in-

expensive and easy to obtain from a 
variety of sources. At the Dayton Ham-
vention, for example, crystals perfect 
for rock mixing were selling for 15 cents 
each. The reason the crystals are so 
inexpensive is because their frequencies 
are not good for much — except rock-
mixing, and you're reading the first 
account of this now. 

Many crystal manufacturers list their 
surplus crystals at bargain prices, so scan 
the flyers and you can find lots of 
"funny-frequency" crystals. Two prime 
sources I use are the citizens band and 
surplus fm mobile crystals; for example, 
some crystals marked for 153 MHz 
turned out to be 6.38 MHz fundamental 
mode, and others were 11.6 MHz. In a 
big bag full of surplus crystals purchased 
at Dayton were lots of usable ones from 
5 to 16 MHz. 

connections 
Hooking up the rock-mixer to the 

receiver LO is another of those dealer's 

choice affairs, because very few ama-
teurs have the same receiver setup. The 
simplest method, requiring neither holes 
nor solder, is to run the rock-mixer 
output coax into the receiver and clip 
the shield to ground and twist a few 
inches of the center lead around the 
wire from the tuning capacitor to the 
local oscillator coil or tube grid. This 

FIG. 3 
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OR 9300 

fig. 4. Alternative selector switch and diode 
matrix circuit. 

connection or gimmick, injects a weak 
but significant amount of signal into the 
oscillator except when the capacitor is 
nearly meshed. 

A better approach is to locate a point 
in the LO where a ground can be lifted 
and a 47-ohm resistor inserted. There 
are many likely spots, such as plate or 
collector bypass-to-ground capacitors, 
or emitter or cathode grounds. In the 
SX-100, for example, the LO has a 
grounded cathode, tuned-grid, plate-
tickler circuit, so in my case a 47-ohm 
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resistor is now between cathode and 
ground, and the coax is connected di-
rectly to the resistor, terminating in a 
BNC connector on the front panel. This 
type of low-impedance injection pro-
duces excellent lock-in characteristics 
over the entire receiver range of 0.5 to 
30+ MHz as well as no interference with 
the normal operation of the receiver. 
Such a connection is also convenient to 
bring out a small amount of rf from the 
oscillator to operate a counter. 

concluding remarks 
The rock-mixer is a simple device for 

crystal control of almost any receiver. 
It's easy to set up and use if you have a 
counter and a calculator. Its ease of 
operation wil l depend on the care used 
in calibrating both the receiver and 
VXO. Once learned and recorded, the 
scheme to lock onto a particular band 
of frequencies, or even a single point, is 
quite simple and rapid with or without 
the calculator-counter combination. 

Tuning the band under crystal con-
trol is simple if you set up a segment 
schedule similar to the one shown in 
table 2. However, there's a hitch to this 
unless you calibrate the VXO to suit the 
si tuat ion, because the receiver dial 
means almost nothing except to show 
what band you're on. I solved this prob-
lem by building a homebrew counter 
using decades that can be preset instead 
of the usual type, which reset only to 
zero. The counter is switched to read all 
pertinent frequencies in the rock-mixer 
and the receiver. 

When reading frequency per se, the 
reset pulse from the logic ties to the 
normal "reset-to-zero" bus line of all 
the decades. When connected to the 
receiver LO, the reset pulse is switched 
to the strobe data inputs, and the com-
plement of the receiver i-f is thereby 
loaded into the counter decades. For an 
i-f of 1650 kHz the complement is 
9835.00. Therefore, after 16500 input 
counts the counters read 0000.00 and 

table 4. Receiver lock-in range as a funct ion of division 
sequence. 

receiver 
received VXO divisor settings lock-in 

frequency frequency shift range 
(kHz) {kHz) registers 7493 (kHz) 
3 2 2 3 8 9 9 6 6 2 2 9 . 4 

3 2 2 3 8 9 9 6 6 4 1 2 . 2 

3 2 2 3 8 9 9 6 1 2 1 5 . 3 
3 2 2 3 8 9 9 6 6 1 3 . 1 

3 6 0 0 5 0 2 2 1 1 2 5 4 . 1 
3 6 0 0 5 0 2 2 2 2 1 4 . 9 
3 6 0 0 5 0 2 2 2 2 2 4 . 7 

8 1 8 3 9 0 1 4 1 1 1 1 6 . 0 
8 1 8 3 9 0 1 4 1 1 2 1 2 . 8 

8 1 8 3 9 0 1 4 2 2 2 8 . 9 
8 1 8 3 9 0 1 4 2 2 1 7 . 9 

1 2 1 7 5 1 4 9 7 7 1 3 1 3 8 . 8 
1 2 1 7 5 1 4 9 7 7 1 3 2 1 9 . 0 
1 2 1 7 5 1 4 9 7 7 1 3 4 1 0 . 0 

1 4 0 3 0 1 4 9 9 8 1 2 5 9 . 4 
1 4 0 3 0 1 4 9 9 8 2 2 1 9 . 1 
1 4 0 3 0 1 4 9 9 8 2 2 2 4 . 1 

One case requiring no division: 
8 1 8 3 9 8 3 3 1 1 1 2 6 . 0 

8 1 8 3 9 8 3 3 1 2 8 8 . 7 

8 1 8 3 9 8 3 3 1 4 8 3 . 3 

the ensuing input counts above this 
point until the end of the gate period. 
The net effect is to subtract the i-f from 
the LO frequency and to present the 
received-station frequency in the display. 

The action is similar to that of the 
divide-byv? counter, and the data can be 
either hard wired with short jumpers to 
ground the appropriate data points; or 
some can be fixed and some variable, 
using diode logic or switches made to 
provide the BCD information. The addi-
tion of the data input system in no 
way affects the normal usefulness of the 
counter, because the reset input and the 
data strobe inputs are independent. 

references 
1. William King, W2LTJ, "Hex Inverter VXO," 
ham radio, Apr i l , 1975, page 50. 
2. "Multistage Program Divider," TTL Appli-
cations Handbook, Fairchild Semiconductors, 
Mountain View, California 94042, August, 
1973, pages 9-38. 
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synthesizer for 
binaural CW reception 

If you tune your receiver across a CW 
signal wi th the bfo centered on a broad 
i-f passband, the beat note wil l change 
from high to low. As you continue tun-
ing, The CW note wil l progress through 
zero beat f rom low to high again. 

If, however, instead of using the 
usual single-channel audio system you 
provide two channels wi th the fre-
quency response shown in fig. 1, feeding 
stereo phones or two speakers, an inter-
esting and pleasing result is obtained. 
Tuning as described, but wi th the two-
channel audio system described here, a 
signal wi l l move from left (lower fre-
quency) to center, then to the right 
(higher frequency) followed by the re-
verse action, spatially as the tone 
changes. If you switch to a narrower i-f 
bandwidth and adjust the bfo frequency 
to equal the crossover point of fig. 1 
away f rom i-f center, you'l l obtain the 
right-center-left signal movement with-
out the mirror image, and the spatial 
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center of the signal wi l l be at the cross-
over design frequency. 

Thus a new dimension is added to CW 
signals. Can you imagine how it would 
be when conversing wi th several people 
at once if all the voices came from the 
same location? We have two ears — let's 
use them. 

With the system described, when 
interference occurs a few hundred Hz or 
so removed from the frequency of inter-
est, you tune the signal you want to 
center, leaving the others to the right, or 
to the left. 

components 
Op amp active filter designs make 

this task easy and predictable. As build-
ing blocks I used a class of op amp 
filters shown in fig. 2." I chose good 
grade 0.01 fxF ceramic capacitors, then 
selected resistance values from the 
standard 5 per cent, %-watt range to set 
low- and high-pass fi lter rolloff fre-
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fig. 1. Relative channel frequency responses 
for right and left binaural CW, voice, or music 
reception. 

quencies. You can use 10 per cent resis-
tors w i th good results; except that when 
you t r y t o place the crossover frequency 
in the center of a narrowband audio 
f i l ter, or in a very narrowband i-f f i l ter, 
careful resistance-value pruning enters 
the picture. I know of no integrated cir-
cuit op amp that doesn't loaf in this 
task — the wel l -known 741 a good 
choice. 

design requirements 
How sharp must the frequency roll-

i f f be to get a good stereo effect? I 
.ound that two stages each of low- and 
high-pass f i l tering provide good separa-
t ion (four poles, or a ro l lo f f of 24 dB 
per octave). More stages and more crit i-
cal adjustment would be necessary if 
this system were fed f rom a source w i th 
bandwidth of less than 200 Hz or so. It 
can be done, but receiver tuning would 
become d i f f icu l t and narrowband noise 
would begin to sound too much like the 
desired signal. A binaural system reduces 
the need for those very sharp filters. 

The complete circuit is shown in fig. 
3. You' l l note that the gain setting resis-

*The op amps used in the binaural synthesizer 
shown in the facing page are available from 
Hildreth Engineering, Box 3, Sunnyvale, Cali-
fornia 94088. Price is $14,95 each, postpaid. 
These units use two nine-volt transistor bat-
teries. 

tors are of dif ferent values for the low-
and high-pass channels. Their ratio is the 
same, but values were selected to obtain 
parallel resistances in each case that are 
approximately equal to the op amp's 
positive input port dc resistance to 
ground. This condi t ion is desirable to 
encourage a minimum dc offset at the 
op amp's output . 

exalted operation 
If you want to accept some added 

complexi ty it's possible to obtain the 
kind of response shown in fig. 4. In this 
case the gain ratio resistors (those con-
nected to the op amp negative input 
port) are changed to produce fi l ter 
peaking. In this way a combinat ion of 
audio f i l ter ing and binaural operation is 
obtained. The resistance ratio required 
to provide up to 20 dB of exalted opera-
t ion is shown (10 dB per stage). It's pos-
sible to provide more exaltation effect 
but adjusting resistance values becomes 
increasingly crit ical; at some point 
you' l l have an oscillator. 

m 
Q LOW-PASS, 2-POLE FILTER 

m 
Q HIGH-PASS, 2-POLE FILTER 

fig. 2. Basic op amp circuits for 3 dB low- and 
high-pass filters. Center frequency, fQ = 
T/27TRC, where network R and C are equal. 
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fig. 3. Schematic of the binaural synthesizer. F o r 750-Hz crossover, R = 21k ; low channel is offset 
5% high and high channel is offset 5 % low to compensate for underlap due to four-pole cascade in 
each channel and overlap caused by approximately 4 dB of peaking on each side of the crossover 
point. 

The unit shown is designed to work 
from a low-impedance drive, such as a 
receiver's speaker output. The 47-ohm 
resistor at the input is for those who 
wish to use the design with a solid-state 
receiver that couples to a speaker 
through a large capacitor. Op amp input 
ports must have a dc return path to 
ground, and this input circuit ensures it. 
If you want to drive the system from a 
high-impedance phone circuit, simply 

fig. T y p i c a l lowpass response shape with 
peaking adjusted by gain selection of Rt,/R a -

c o n n e c t the receiver to the input 
through about 2.2k ohms and increase 
the value of the 47-ohm input resistor 
to 470 ohms. 

The 47-ohm resistors shown in series 
with the outputs are used to avoid oscil-
lation in the event that 8-ohm headsets 
or speakers are connected directly to 
the output. Also, small dc offsets will 
not produce immediate limiting on the 
positive or negative audio half cycle if a 
low-resistance dc path to ground is con-
nected to the outputs. An op amp's out-
put current capability will drive 2k-ohm 
phones to all the volume you'll need; 
unfortunately I haven't found any 2k-
ohm stereo phones. Moderate levels are 
possible with 8-ohm loads. 

conclusions 
This binaural synthesizer provides 

more advantage as interference in-
creases. When the band becomes 
crowded you may wonder how you 
have been able to get along without 
such a device. 

ham radio 
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If Santa had a 
Altair. • • 

Santa might 
be possible! 

Have you ever wondered how Santa keeps track ot .ill the 
addresses of . i l l the ch i ld ren in the world? Mow he knows w h o 
gets what? 

W i t h an Al ta i r 8800, Santa might have a f i gh t i ng c hance He 
might 1M; able to keep up w i t h the over-expanding toy industry. 
He might be able to remember who's been naughty and nice, 

With .m Altait HHOO, Santa m i g h t he p o s s i b l e . 
This Christmas you can do something that's never before been 

possible. You can put an Al ta i r under your tree or under the tree 
of a fr iend, Or you can start w i t h our special Christmas 75 t ime 
payment p l a n " 

The Al ta i r «80() is the NUMBER ONE hobby computer in the 
who le wor ld. No other compute r offers you the power and versa-
t i l i t y - t h e proven track reco id — of the A l ta i i BIlOO at a compa-
rable price. No other hobby computer offers you the sophistica-
t ion of A l lan BASIC software or the wide variety of Al ta i r modules 
and peripherals. N o other hobby computer offers you the cus-
tomer support of art Al tair (free membership in the A l ta i r Use r s 
Club, free access to the Altair Service Department and the Al ta i r 
Software Library, and a free subscript ion t o the Al ta i r mon th l y 
publ icat ion, Computer Votes > 

Order now and avoid the l.isl minute Christmas rush! 

'The Cornier tl Computer Tetmln.it has a lull alpha-numeric keyboard and a 
highly readable U-chatacler tlUpl.lv. It has its tmn internal memory ot 256 
c h i d d e n and complete cursor control, Also has its tmn built.in audio cassette 
interlace ltl.il alluns >tm lu t imnn l lift- Comic* II to any tape recorder Inr 
bath ilorinntljlj Imm the ( ampule/ J nil Irrlhn); j j into the compulef. Requires 
an RS212 Interlace Card. 

SOIIWAKt PRICfS: 
Altair 4K BASIC «S0 

Purchasers ot .in Altair IIHI1II, 4K ot Altaii Memory, and Altair Serial I/O or 
Audio-Cassette I/O ONIYSMI 

Allaii BK BASIC $SOO 
Purchasers ot an Altai) RBOI), 8K ol Altair Memoir, and Altair Serial I/O or 
Audio-Cassclte I/O ONIYS75 

Allair EXIt NDEt) ItAStC S750 
Purchasers of an Allait MOO. 12K ol Allair Memory, and Allair Serial I/O or 
Audio.Cassette I/O ONlYSr.O 

Altair PACKAGE ONE {.mcmbfel test editor, system monitor! 
I'u»,tia>r>s ol an Allair IIKOtl, HK ol Altair Memory, anil Allair I/O ONIV S it) 

NOTE: Wlieri ordering sollwaie, spec i l l paper tape or cassette tape, 

Watranly: 90 days on parls lor kits and 'Itt days on parts and labor lor assembled 
unils. Prices, specifications, anil delivetv subject to change. 

* Christmas 75 T i m e P a y m e n t P l a n 
1K Allair for lust Sf.8.00 a month! 

The Altair t ime payment plans al low you to be the owner of 
an Allair ftfHM) w i t h 1.024 bytes of memory for just SMS.(XI a month . 
Cach month {for 8 m o n t h * ! you •-<'nri in •• out payment . i tul we 
send you part of an Altair kit unt i l you have the comple te system. 
The advantages of this p lan are N O interest or f inanc ing charge, 
GUARANTEED price based ori today ' s price, and ftee, immediate 
membership to the Altair Users Group inc lud ing subscr ipt ion to 
Computer (Votes. 

Ou t terms are cash w i t h order. l i ankAmei icard or Maste i 
Charge. If you send in an early payment we w i l l make an early 
shipment. By the same token, a late payment w i l l result in a late 
shipment (Af ter M) days past due, the balance of the deal is 
cancel led. A l l payments must be made w i t h i n 10 months) 

Tol. i l Price: $544 (Retail pr ice: Altair $4i«J. M e m o r y M7. 
Postage and hand l ing $8—iota) S5-M) 

HARDWARt PRICES: 
Allair Computer Ml with complete assembly I 
Assembled jnd tested Altair Computer 
1,024 Byte 5tatic Memory Card 
2.04(1 Byte Sialic Memory Card 
4,096 Byle Dynamic Memory C ard 
Full Parallel Interlace Card. 
Serial Inteilace Caid RS2I2I 
Serial Interlace Cartl tTTl or teletype! 
Audio Casselle Record Interlace 
COMTEK II' 

ictions S439 
ShJt 

S97 kit and Sl et assembled 
SI4', kit and SI'IS assembled 
S2M kit and SJ1B assembled 
$<12 kit and St 14 assembled 

St I t kit and SUB assembled 
St24 kit and SHI. assembled 
SI.'II kit and S174 assembled 

S7HII kit and $920 assembled 

m 
"Creative Electronics" 

MITS/I.I2B l inn N.I., Albuquerque, NM 871 US 505/265-7553 ol 2f>2.|95t 

M A I L 1 H I S C O U P O N T O D A Y ! 
• I m li is i herk tnr S 
• IbnlAnit'rir.Kil a • ot MaMcr Chaise » 
• Ml,111 tlBOtl D Kil D AM.'milled • Opiums 

IMI luiU' SB 11 [ J J > - r, t > I • s Itamtlini: 
(List on separate sheet] 

• .A lu i l I mil' i\ivmi-nt Plan 
O Please wml tier litrratutc • Please « n d mf otdrr to diltrnMit .iddtesi 

!t isi on srp.ti.ili' shwti 

' NAME 
ADDRESS™ 
city, .STATE » z i r _ 

MITS/U28 Linn N.I., Albuquerque, NM 87108 505/26S-7SSJ ot 2M-1131 

NOU ' 'rin.ti.ii (In-, k. i.tk.- t n.-t-kv lot • '.-.ii.tfii f .if immiiii.tlt. (imctnsinK 
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multiple band 
master frequency oscillator 

Construction details 

for a varactor-tuned 

master frequency oscillator 

featuring multiple 

frequency capability 
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The frequency control system for any 
receiver or transceiver being considered 
for construction is obviously of prime 
consideration. The voltage-variable di-
ode (varactor) offers significant flexi-
bility in the design and construction of 
a variable-frequency oscillator. Parallel-
plate capacitors suffer from the effects 
of mechanical rigidity, temperature, hu-
midity, and just plain volume limita-
tions. The varactor is an order of magni-
tude smaller in size, and is less sensitive 
to thermal and mechanical stress. For 
frequency tuning applications, the var-
actor is considerably simpler to tune 
and align than its conventional mechani-
cal equivalent. 

When a voltage source is used to re-
verse bias a P-N diode junction, the 
width of the diode's depletion region 
varies in proportion to the applied volt-
age, with the width of the depletion 
layer increasing with increased bias. This 
results in an effective capacitance which 
acts as if it were in parallel with the 
diode. The amount of capacitance per 
unit voltage is a function of the varia-
tion of the impurity concentration in 
the depletion region of the diode's P-N 
junction. If a diode is coupled to a tank 
coil and the bias across it is varied, the 
tank circuit resonance will change in 
proportion to the change in diode 
capacitance. 
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circuit design 
Fig. 1 shows a precision variable fre-

quency oscillator suitable for general 
purpose receiver and transmitter fre-
quency control. All rf generating and 
control components are completely con-
tained within a standard aluminum chas-
sis box.* Since the oscillation fre-
quency is dependent upon the LC ratio 
and the tuning capacitance is controlled 
by a voltage rather than the position of 
parallel plates, a potentiometer is used 
to vary the diode bias between two volt-

fig. 1. Construction of the varactor tuned 
master frequency oscillator. Brass flywheel 
provides very smooth tuning from one end of 
a band to the other. 

age points corresponding to the desired 
upper and lower capacitance. 

If an ordinary single-turn pot is used 
as the control element, resolution would 
be very poor, with bandspread similar to 
a single-turn parallel plate capacitor. To 
provide additional bandspread in a con-
ventional vfo the frequency-determining 
capacitor is often mechanically driven 
by a system of gears so that a single turn 
of the tuning knob represents a small 
incremental change in frequency. If a 
varactor is used as the control element, 
a small change in voltage will cause a 
corresponding change in the oscillation 
frequency. 

Although the voltage-control potenti-
ometer for the varactor could be used 
with a mechanical reduction scheme, 
most single-turn pots have very poor 
resolution; at some small discrete points 
along the wiper surface discontinuities 
occur which could reflect in an undesir-
able voltage being applied to the varac-
tor. In addition, many low cost, single-
turn pots are often noisy. The noise can 
be caused by a faulty internal termina-
tion, foreign particles or oxidation of 
the resistance element. The noise then 
appears as a random voltage, which can 
cause erratic varactor operation. 

If you want to use a single-turn pot 
in a varactor-tuned vfo, an expensive 
servo type unit is recommended. The 
most practical alternative is to use a ten-
turn unit, and a wide selection is avail-
able at modest cost. With a ten-turn pot 
to control varactor bias, a full ten rota-
tions of the knob are available for tun-
ing or frequency selection. 

All potentiometers have considerable 
friction associated with the moving ele-
ment. As shown in fig. 1, a simple 

'Full-size detail drawings of the chassis are 
available from the author by sending him a 
self-addressed, stamped envelope. Etched, sin-
gle sided, 1/16" printed-circuit boards with-
out holes are also available for $2.00 each, 
including postage. Write to M. A. Chapman, 
K6SDX, 428 3rd Street, Encinitas, California 
92024. 
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ti fig. 2. Circuit for the varactor-tuned master fre-

quency oscillator. Varactor CR1 is a Motorola 

MV1652 or equivalent. Typical tuned circuit values for three popular vfo ranges are listed in table 

1. Transistor selection is discussed in the text. R2 is a Beckman model 7426 RIK Helipot; R1 and 

R3 are Beckman Helitrims, model 78LRIK or equivalent. 

flywheel design will provide an excep-
tionally smooth tuning "feel" for the 
operator. The suggested 2-inch (50mm) 
diameter brass flywheel provides enough 
inertia that a single knob spin will tra-
verse all ten turns of the pot for rapid 
end to end band tuning. 

A circuit for a varactor-tuned master 
frequency oscillator is shown in fig. 2 
The frequency determining network 
consists of the inductor, L1, the NPO 
capacitor C1, and the varactor, A 
Motorola MV1652.* The 0.001 juF cer-
amic capacitor provides dc blocking of 
the varactor control voltage. A 0.005 ixf 

*The Motorola MV1652 is a silicon epicap 

tuning diode designed for general tuning, 

trimming and afc applications. Capacitance at 

- 4 volts bias is nominally 120 pF (108 pF 

minimum, 135 pF maximum). Capacitance 

ratio from - 2 to - 2 0 volts reverse bias is 2.6. 

The Motorola HEP R2505 closely meets these 

specifications. Editor 

ceramic or similar value will perform 
as well. 

The NPO capacitor, C I , can be small 
as compared to the total change in var-
actor capacitance for the desired fre-
quency range, and provides some com-
pensation due to thermal effects in the 
system. Only slight loss in thermal sta-
bility would be apparent if a 10 to 30 
pF dipped mica capacitor were used. 

The frequency range is adjusted by 
the resistance network consisting of R1, 
R2 and R3. Maximum varactor capaci-
tance occurs when the anode is at 
ground potential; minimum capacitance 
occurs when the anode is reverse biased 
at - 20 Vdc. Potentiometers R1 and R3 
act as voltage dividers for the main tun-
ing pot, R2. 

Current through the varactor is negli-
gible, and scaling of the values shown 
for R1, R2 and R3 is possible. Transis-
tor Q1 is the basic oscillating element 
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m m 
fig. 3. Component placement for the prfnted-
circuit board used for the varactor tuned vfo. 
Full-sized PC board is shown in fig. 4. 

with Q2 arid Q3 buffering the output 
signal to minimize the effects of exter-
nal loading. The output of Q1 is cou-
pled to both Q2 and Q3 simultaneously 
so that the buffer stage can drive exter-
nal circuitry in a receiver or transmitter. 
The separate buffer stages permit the 
use of a high level signal from one sec-
tion in a receiver mixer stage where the 
conversion gain is dependent upon hav-
ing an input of 2 volts peak to peak or 
greater. 

The signal from the other buffer 
stage can be conditioned through filters 
for transmitter applications requiring 
lower harmonic content. This is because 
the normal low-impedance filter will re-
duce the vfo signal far too much for 
most receiver mixer applications. The 
growing popularity of digital frequency 
displays is also good justification for the 
separate buffer as it isolates the counter 
clock from the other receiver circuits. 

construction 
With the exception of the varactor 

voltage divider and the inductor, all 
components are mounted on a printed-
circuit board. Fig. 3 shows component 

placement on the board. Al l resistors are 
1/4-watt units, although 1/2-watt parts 
may be used by mounting them verti-
cally. Low-value coupling capacitors are 
of the dipped-mica type; however, glass 
or silver-mica units are satisfactory. The 
0.05 mF ceramic bypass capacitors are 
low-voltage (20 volt) types; 50 or 100 
volt capacitors are approximately the 
same size and should f i t the board 
equally well. The rf chokes are minia-
ture low-current types. 

The selection of Q1, Q2 and Q3 is 
not diff icult. The 2N4416 is the first 
choice and matches the board layout 
with case grounding provisions included 
to minimize random oscillation. The 
2N5459 and similar three-terminal 
epoxy fets work equally well with only 
slight reduction in output levels. If you 
have two or three N-type fets in your 
junk box, give them a try. Even the 
most general-purpose chopper types I 
tried seemed to work well. 

fig. 4. Full-size printed-circuit layout for the 
master frequency oscillator. Component 
placement is shown in fig. 3. 

Before installing the PC board into 
the enclosure, attach the wire leads for 
the inductor, +12 volts and the varactor 
tuning voltage. The inductor can be 
temporarily attached to the ends of the 
wire and left to dangle free in the air. 
Connect +12 volts and an adjustable 
negative voltage (not greater than -20 
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volts) to the appropriate leads. Initial 
testing of the board can be accomp-
lished in this fashion to insure that the 
circuit is working properly. 

By varying the negative voltage be-
tween zero and -20 V, and adjusting the 
slug in the inductor, a 3 to 6 MHz signal 
should be present at the outputs. Al-
though the design shown here incorpo-
rates the entire circuit in a compact 
package, the voltage divider and 
varactor-tuning potentiometer do not 
have to be adjacent to the varactor. This 
is one of the advantages of this circuit. 

Table 1 lists the LC components and 
the setting of the frequency-control pot, 
R2, for three different frequency 
ranges. Final adjustment of R1 and R3 
should not be accomplished until the 
assembly is installed in the receiver or 
transceiver because thermal gradients 
will affect the operating frequency. 
When adjusting R1 and R3 remember 
that there is a perceptible voltage change 
at both ends of the varactor control 
pot. Inexpensive ten-turn trim pots are 
recommended for precise adjustment. 
However, singte-turn, low wattage units 
are satisfactory, although they may re-
quire a little more tweeking for final fre-
quency selection. 

To calibrate the vfo first set R2 to 
the appropriate voltage level shown in 
table 1 and adjust the slug in L1 for 
either the high or low end of the band 
by monitoring the output frequency 

table 1. Tuned-circuit values for three popular vfo tun-

ing ranges. The negative voltage levels shown for poten-

tiometer R2 are for initial setting only; final adjust-

ment must be made in the enclosure to compensate for 

thermal effects. Varactor is a Motorola M V I 6 5 2 or 

equivalent. 

frequency capacitor R2 voltage 
range inductor c i range 
(MHz) L1 (IMPO) (-volts) 

3.045-3.545 8.85-12.0 jUH 10-30 pF 3.5-17.0 

Miller 20A105RBI 

3.500-4.000 8.85-12.0 JUH 10-30 pF 3.3-12.5 
Miller 20A105RBI 

5.000-5.500 8 JUH 15 pF 5.5-14.0 
Miller 20A105RBI 

(slug removed) 

with a digital counter or calibrated re-
ceiver. The output signal level at both 
J1 and J2 should be between 2 and 3 
volts peak-to-peak, depending upon the 
device used at Q1. 

power supply 

A well regulated, low ripple-20 volt 
varactor bias supply is necessary for best 
results. The reason for this is apparent if 
you look at the 3.045 to 3.545 MHz 
oscillator parameters listed in table 1. In 
this case the ends of potentiometer R2 
are at -3.5 and -17 volts, a total range 
of 13.5 volts. |f a 13.5 volt change in 
varactor bias will produce a 500 kHz 
change in the operating frequency, a 
simple calculation will indicate how 
much frequency variation can be ex-
pected for each millivolt of ripple on 

F94X 
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the varactor bias supply: 

Af = AV B 
\yB2 v B 1 / 

where Af is the frequency variation, 
A V 8 is the ripple on the bias supply, (f2 

- f ! ) is the tuning range, and (V B 2 -
V B 1 ) is the change in varactor bias for 
the tuning range. For the 3.045 to 
3.545 MHz vfo 

Af " - I m 37.04 Hz/mV 

Therefore, for each millivolt of ripple 
on the bias line, there is a corresponding 
change of about 37 Hz in the oscillation 
frequency (this would change somewhat 
at opposite ends of the tuning band). 
However, the 1 mV ripple across the 
varactor is related to the ripple on the 
- 2 0 volt source by the same ratio as the 
voltage divider. By simple proportion 

- 2 0 volts AV 
13.5 volts 1 mV AV « 1 . 5 m V 

For each 1.5 mV of ripple on the - 2 0 
volt source you can expect a 37 Hz 

change in operating frequency. For CW 
and ssb operation it is desirable to keep 
the total frequency deviation to less 
than 150 Hz. This means that the - 2 0 
volt bias source should have a ripple 
content no greater than 6 or 7 mV. This 
can best be achieved by using precision 
IC voltage regulators similar to the one 
shown in fig. 5 . 

parts substitutions 
My experience from previous arti-

cles indicates that home builders are 
often faced with parts substitutions, 
and usually write to the author for 
advice. A typical case might be the use 
of a 0.047 f*F or other value bypass 
capacitor as a substitute for 0.05 ^F. In 
this application any value between 0.02 
and 0.1 juF should work fine. The 220 
and 150 pF units may be replaced with 
mica capacitors up to approximately 
450 pF. The only problem here is board 
f i t , and some capacitors may necessitate 
some lead bending. The 50 pF mica out-
put capacitors may be replaced with any 
value from 20 to 500 pF. 

ham radio 

Yaesu FT101 clarifier 
I have just completed the modifica-

tion to my FT101 as described in ham 
radio1. When the modification is com-
pleted, depending upon whether the 
clarifier was turned on or of f , the fre-
quency shift may not be a complete 
zero beat. If the clarifier is turned off 
when the mod is done, the clarifier wil l 
be about 2 kHz high when turned on in 
the USB mode. If the operator does not 
care about the calibration of the clari-
fier, this does not pose a problem, but if 
he prefers to use the calibration of the 

1. Ernie Schultz, W 2 M U U , "Yaesu Sideband 
Switching," ham radio, December, 1973, page 
56 (short circuit, December, 1974, page 62). 

clarifier, the following is recommended: 
Set the clarifier pot to zero before 
beginning the alignment procedure, and 
follow the procedure described in ham 
radio. When this is done, and sidebands 
are changed, the clarifier need not be 
adjusted to a new zero point and will 
remain within calibration. 

Since I always leave my clarifier 
turned on, and at the zero position, this 
is the most comfortable procedure for 
me. To change sidebands and retune the 
receiver I just use the clarifier. Other-
wise I would have to readjust my think-
ing when changing sidebands and then 
turn on the clarifier (as the calibration 
would not be correct). 

Eric Falkof, K1IMUN 
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soldering-iron holder 

How to build a 

soldering-iron holder 

which reduces tip heat 

when the iron 

is not in use 

Perhaps the most important tool used 
by the electronics experimenter is the 
soldering iron. It is indispensable when 
making repairs or building new equip-
ment, and is frequently turned on for 
hours at a time. This extended time of 
use takes its toll in corroded tips and 
burned-out elements. 

Radio servicemen learned long ago 
that they could keep a sharp bright t ip 
on their irons by cutting down the volt-
age to the iron during those long periods 
between use. Many old pros would jury-
rig a holder on their service bench for 
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this purpose. A bulky heating element 
was often used in series wi th the iron 
when it was at rest in the holder. When 
the iron was picked up a leaf switch 
would short out the heating element, 
allowing full 117 volts to the iron. 

In later years commercial holders for 
soldering irons became available. Some 
fine thermostatically controlled holders 
are widely used in the aerospace indus-
try. Printed-circuit boards have called 
for smaller irons and lower tempera-
tures. Practice has shown that 50 to 70 
volts is sufficient to keep the iron ready 
to go, but low enough to prevent dam-
age to the tip. Variacs have also been 
widely used to set the iron voltage to 
the required value. 

Described here is a nif ty soldering-
iron holder that makes use of modern 
readily available components, and can 
be assembled in a couple of hours. Al l 
parts can be obtained from your hard-

LIGHT DIMMER 
with SWITCH 

117 VAC 
INPUT 

o o 
/c 

T 
\ SOLDERING IRON 
I RECEPTACLE 

fig. 1. Using a commercial light dimmer to 

control soldering-iron heat. 
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MICROSWITCH 

fig. 2. How to use a semiconductor diode to 
conlrol soldering-iron heat. In this circuit a 
microswitch shorts out the diode when the 
soldering iron is lifted for use. When the iron 
is placed in its holder, the diode is switched 
into the circuit, reducing the effective power 
to the iron, by virtue of half-wave rectification. 

ware store or radio shop. The sheet metal 
work is simple and straightforward. 

There are two methods for control-
ling soldering-iron heat. The first simply 
uses a light dimmer control as shown in 
fig. 1. Find the position of the knob 
where the desired heat is obtained at the 
soldering iron's tip. Then remove the 
knob. Or, place a mark on the box so 
the knob can be easily reset when 
desired. 

The other method makes use of a 
series diode to cut the effective power 

Soldering-iron holder which uses the circuit of 
fig. 2 to control tip heat when the soldering-
iron is not being used. 

to the iron. Any power diode with a 
PRV rating of at least 300 volts will do. 
The diode is connected across the 
normally-closed terminals of a micro-
switch. When the iron is lifted for use, 
the internal spring in the microswitch 
operates, returning the switch to its 
closed position, shorting out the diode. 
Full power is then available to the iron 
{see fig. 2). A handy pilot light tells you 
that power is on and shows the effect of 
the series diode. 

fig. 3. Side view of the utility box which is 
used to hold the light dimmer (fig. 1} or 
microswitch/diode circuit (fig. 2). Fig. 4 
shows construction details for the soldering-
iron holder. 

The pilot light shown in fig. 2 is a 
surplus 28-volt lamp with a 3k, 2-watt 
series resistor. A neon pilot light is okay 
if connected to the input, but only one 
of its two internal elements will glow on 
rectified ac. If used with the light dim-
mer, a neon pilot will extinguish at the 
lower voltage. 

construction 

First, start with an electrical utility 
box. Drill and tap for a 10-24 machine 
screw in the upper lefthand corner as 
shown in fig. 3. Drill straight through 
both sides of the box and use a 4-inch 
(10cm) long screw. This will make a 
sturdy mount for the holder. A spacer 
made from 1/4 inch (6.5mm) copper 
tubing will keep the holder from col-
lapsing when tightening this screw. 
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Use a conventional wire clamp for 
the incoming ac line. Choose a socket 
for the output which has a th i rd wire 
grounding lug. Use of the ground is im-
portant when soldering some ICs and 
mos semiconductors. Be sure to connect 
a ground lead from your soldering iron 
to the circui try being worked on in 
these critical applications. 

The aluminum parts for the holder 
can be made f rom scrap 0.090 and 
0.062 inch (2.0 and 1.5mm) aluminum 
sheet. Other thicknesses can be substi-
tuted to satisfy your own design. The 
heat shield is held in place w i th four 
pop-rivets. Two more pop-rivets are 
used to fasten the lever to the bot tom of 

the iron holder. The lever may have to 
be shaped slightly t o f i t through the 
notch in the side of the ut i l i ty box so it 
engages the microswitch. Microswitches 
are readily available at low cost f rom 
many surplus outlets. 

Buy a t ip cleaner sponge and tray 
(not shown in the photograph) f rom a 
local radio store and cement it on the 
base just to the left of the ac outlet. Be 
sure to keep i t moistened w i th a l i t t le 
water. Finally, add rubber feet to the 
four corners of the base. With your new 
soldering iron holder you ' l l have no 
more burned benches or dul l , corroded 
soldering tips. 

ham radio 
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dipole antennas 

A few basic 

ground rules 

applied to the 

installation of 

this simple antenna 

can pay off 

in excellent 

performance 

The halfwave dipole antenna is hard to 
beat as an effective radiator of rf energy 
when considered in terms of low cost 
and ease of construction and tuneup. I'd 
like to report the results of my experi-
ence with this simple antenna for those 
now using a dipole or who would like to 
try one. Careful attention to materials, 
installation, positioning (or orientation), 
and tuning can make a big difference in 
performance. Many amateurs swear by 
the dipole as an antenna for portable 
work because of its simplicity. The 
following ideas should be helpful in 
planning your next dipole or improving 
your existing installation. 
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The quarter-wavelength legs of my 
dipoles have been made of many differ-
ent materials: insulated copper wire, 
annunciator wire, aluminum wire, tub-
ing, and even TV twinlead. All will 
work , but my recommendation is 
number-14 stranded copper wire, It's 
easy to handle and causes fewer con-
struction problems than most other 
materials. Its strength per unit length is 
excellent and it withstands weather for 
a long time without failing. 

An inexpensive bow and arrow set 
should be included in your dipole inven-
tory. An 8- or 12-pound (3.6 or 5.4 kg) 
test nylon fishing line tied to the end of 
an arrow can be shot over a tree, house 
roof or similar support. A heavier length 
of line is then secured to the original 
line and, in turn, secured to your an-
tenna wire. The whole works is then 
pulled into position. If the far end of 
your support is a tree, the arrangement 
shown in fig. 1 is one way to eliminate 
problems with wire breakage due to 
wind, or wear of the securing line due to 
friction. 

Other antenna supports that can be 
used are interlocking sections of TV 
masting, wooden doweling, or the A-
frame mast which is described in the 
ARRL Handbook. A husky bamboo 
pole is another possibility. 

installation 

I devised the wagonwheel concept 
(fig. 2) to help bring order and logic 
into resolving the dipole antenna instal-
lation problem. Some may think this is 
a simplistic approach; however, it makes 
sense to me because any compromise 
with any segment of the wagonwheel 
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results in a flat wheel, and who needs 
that? My dipole wagonwheel has five 
segments. Let's consider them in order. 

Positioning. It might sound trite, but 
the best antenna is one that's located as 
high as possible and in the clear. This 
means the radiating (and receiving) wire 
should be positioned as far as possible 
from telephone wires, metal house sid-
ing, fences, and the like. If the antenna 
is located close to trees or shrubbery, 

fig. t. Suggested method of securing the far 
end (or both ends) of a dipole antenna, using 
nature's remedy. 

the electrical characteristic of the re-
f lect ing surface will be adversely 
affected.1 

Each of my dipoles is constructed for 
one band; ideally the height above 
ground for each antenna should be one-
quarter wavelength minimum for that 
band. Notice I said "ideally." The ideal 
situation is hard to achieve. If you must 
compromise on antenna height, try to 
compensate by observing the other instal-
lation hints mentioned here. See fig. 2. 

Another consideration is the place-
ment of two or more antennas. I once 
tested a long-wire antenna that had an 
antenna tuner and an swr meter in the 
transmission line, i was transmitting us-
ing a dipole about 15-feet (4.58m) 
away. It turned out that the long-wire 
antenna was absorbing a great portion 
of the signal radiated from the dipole. 
This makes me wonder how much 
power is lost in direct and harmonic 
absorption. So now my rule is, "Keep 
antennas separated and preferably ori-
ented in a different plane of trans-
mission." 

Resonant frequency. This is the second 
segment in the dipole wagonwheel (fig. 
2). After selecting your desired band and 
the part of that band in which you wish 
to work, the leg lengths of your dipole are 
easily determined from formulas in the 
ARRL Handbook. The lengths given in 
these formulas are usually somewhat 
long, which is fine for cut-and-try instal-
lation. 

The resonant frequency is most accu-
rately determined when measurements 
are made as close as possible to the base 
of your antenna. You'l l need an rf 
source and, depending on the technique 
you wish to use, an swr meter, grid-dip 
meter/antenna bridge, or noise bridge. 

The swr technique is easiest to use in 
testing a dipole antenna. However, there 
are restrictions as to the readings be-
cause there is no direct method of ex-
actly reading either frequency or impe-
dance. After the dipole has been placed 
in its operating position, a test length of 
coax cable is attached to the feedpoint, 
which should be a balun (see the dis-
cussion on wagonwheel segment 4). The 
other end of the test coax line is attach-
ed to your rf source (a transceiver in my 
case). 

My test piece of coax is cut for a 
multiple of one-half electrical wave-
length at the frequency at which I wish 
to test my antenna, I cut the coax test 
line slightly longer than a multiple of 
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one-half wavelength, then made a short-
ing device from a straightened safety pin 
to obtain this length exactly. This test 
line can be used for all three methods of 
antenna testing. 

With the test line attached to the swr 
meter and the rf generator, tune across 
the band in 100-kHz increments with 
the set tuned to maximum output, then 

fig. 2. The dipole wagonwheel — a useful ad-
junct to the installation problem. 

reduce power. The swr meter is set at 
full forward reading, then reflected 
power is recorded. Where the lowest 
reflected-power reading occurs is the 
antenna resonant frequency. If the swr 
is more than unity, don't worry. An swr 
of 3 or 4 is acceptable in amateur work. 

tmpedance. Using the grid-dtp meter/ 
antenna bridge method, select the cor-
rect frequency probe for the grid-dip 
meter, and with the meter turned on, 
you can spot your desired frequency on 
the transceiver. The grid-dip meter acts 
as a transmitter for your desired fre-
quency. Connect the test line to the 
antenna bridge. By varying the grid-dip 
meter dial, you'll get a dip on the 
antenna bridge at the antenna resonant 
frequency and you'll know whether the 
wire is too long or too short. The 

antenna bridge will also show antenna 
impedance. 

In the noise bridge method, an a-m 
receiver signal is used. The bridge is 
attached to the receiver and turned on. 
The noise bridge will produce an output 
that is like atmospheric noise. As you 
tune the receiver across the band for 
which your antenna is cut, you'll obtain 
a null in the noise at the antenna re-
sonant frequency. As with the antenna 
bridge, the noise bridge has an impe-
dance dial that, when set to your an-
tenna impedance, will produce a noise 
null. You can read an antenna reso-
nant frequency and impedance fairly 
accurately. 

At this point I'd like to include two 
personal notes. First, the bridge oper-
ates only with an older type a-m re-
ceiver. Second, be sure your leads from 
the receiver to the bridge are short (not 
over 10 to 12 inches or 25.4 - 30.5 cm). 
I made these notes not from textbook 
directions but from yardwork failures. 

Antenna impedance matching can fill 
a large textbook. With a dipole you can 
approach 50 ohms by changing the 
angle of the legs from the horizontal or 
by using a matching system. With my 
20-meter dipoles, I use a piece of wire 
42 inches (1.07) long with a clip at each 
end. One clip goes to each side of the 

-X M WAVELENGTH WIRE-

I'l 
BALUN 

T 

42 IN. (I.OeM) WIRE-

TO CENTER CONDUCTOR 

1 

V TO BRAID 

fig. 3. Delta match. Pins are used to obtain 
correct impedance match. Permanent installa-
tion should be soldered and weatherproofed. 
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balun connection (fig. 3). This matching 
system works well for me. An alterna-
tive is a matching stub as shown in fig. 4. 

Balun. For quite a time I didn' t under-
stand about the balun and therefore 
didn't use it. Later I used the balun in-
correctly thinking that it tuned out ail of 
my antenna faults. However, the balun is 

f -~\/4 WAVELENGTH WIRE 

-qzzip-
CENTER 

INSULATOR 

TO HIGH IMPEDANCE 
LINE 

SHORTING BAR 

fig. 4. S t u b 
m a t c h . U s e f u l 
w i t h open-wire 
t r a n s m i s s i o n 
lines. 

a necessary device in a balanced an-
tenna system such as a dipole. Radio-
frequency energy propagates along the 
coax at a different rate in the shield 
compared to that in the center conduc-
tor. The result is that antenna currents 
will appear on the outside of the shield 
braid, and these currents wi l l radiate.2 

Such radiation causes undesirable an-
tenna performance and is often the cul-
prit in TVI. The balun wi l l often reduce 
rf radiation from the coax. 

Transmission line. Use only top-quality 
foam-dielectric RG-8A/U coax cable. I 
have lengths of cable to reach from the 
antenna to my swr meter, which are cut 
in multiples of one-half electrical wave-
length determined from charts in coax 
cable handbooks and checked wi th a 
grounding pin made by straightening a 
safetypin. Using the grid-dip meter and 
antenna bridge test described earlier wi l l 
produce such a length of coax. 

In testing the correct length of coax 
to use, start at the signal source wi th the 
antenna bridge/grid-dip meter setup and 

include swr meter, in-line wattmeter, 
and lowpass filter. Coax transmission 
line lengths can also be measured in 
one-half electrical wavelengths by using 
an antenna noise bridge. 

dipole variations 
The dipole is the basis of all high-

frequency antenna systems. This simple 
structure can be expanded almost with-
out l imit to produce extremely complex 
directive arrays. For example, a direc-
tive antenna used in France in the early 
1940s for shortwave transmitters opera-
ting around 8 MHz had three horizontal-
ly oriented bays of six dipoles each, 
wi th each set of dipoles arranged in a 
diamond configuration. Each bay of six 
dipoles constituted one element of a 
three-element beam antenna — director, 
d r i ven element, and reflector. This 
system was known as a Chireix-Mesny 
array.3 

The currents along any diagonal of 
each diamond had to be exactly in 
phase, so that the antenna wires served 
both as radiators and transmission line 
— truly an installer's nightmare. Such 
arrangements were popular for a short 
time but were eventually abandoned 
because of construction expense and 
tuning difficulties. 

I have installed wire directors and 
reflectors in my dipole systems, used 
coil traps, and tried to decrease physical 
space requirements by installing the di-
pole ends at different angles from the 
horizontal. I still like the simple half-
wavelength dipole as described and built 
according to the wagonwheel concept 
shown in fig. 2. This is the antenna I 
use today — simple and effective. 

references 
1. Arnold 8. Bailey, TV and Other Receiving 
Antennas, pp. 182 - 183, John F. Rider, Inc., 
New York. 
2. The Radio Amateur's Handbook, ARRL, 
Newington, Connecticut. 
3. F.E. Terman, Radio Engineers' Handbook, 
McGraw-Hill, New York, 1943. 
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Collins R390A 
modifications 

Several simple 

modifications 

for the R-390A 

which can considerably 

improve performance 

With the R390A receiver, it sometimes 
pays to work around a built-in problem 
or known trouble, rather than make ex-
tensive repairs. Here are some simple 
and somewhat complex modifications 
that may help, depending on the trouble 
you have. 

Audio section. If you have audio prob-
lems, it may be due to a mismatch. All 
of the audio outputs are 600 ohm. A 
pair of high-impedance (3000 ohm) 
headphones will work as is. For low-
impedance (8 ohm) speaker or phone 
use, the output transformer from a 
small tube type receiver or one of the 
universal replacement types will provide 
a reasonable match. 

If there is still trouble, the entire 
audio section can be completely by-
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passed by using the diode load terminal 
at the back of the set. Leave the jumper 
connected and couple the signal to an 
outboard amplifier and speaker through 
a suitable blocking capacitor (fig. 1). A 
hi-fi amplifier used with the R-390A 
will give you beautiful shortwave broad-
cast-band listening. The added clarity 
will help amateur band reception too. 

I-f section. Ssb reception with the 
R-390A has a mushy audio quality be-
cause of the envelope detector and the 
low bfo-to-signal ratio. One solution is 
to rewire the detector as a product 
detector.1 

The set can also be used with a com-
panion ssb adapter fed by the i-f output 
jack. There are advantages to building 
an adapter for the set rather than con-
verting the existing circuit: you will 
have more room to work with; you can 
choose your own parts layout; and, you 
can build as elaborately as you want. 
More important, you should be able to 
get better performance from a totally 
outboard unit than by piece-meal modi-
fications to the set. 

Originally these sets were stagger 
tuned to improve the bandwidth charac-
teristic. For amateur use the i-f stages 
can be retuned to the same frequency, 
which noticeably increases gain. 

Rf section. When you increase the gain 
you also increase the noise. The rf gain 
control works in both the rf and i-f sec-
tions. As the set is now there is no way 
to vary the i-f gain without adversely 
affecting the rf stage. 
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The rf stage determines the overall 
sensitivity and noise level of the set. Re-
moving the rf amplifier cathode circuit 
from the rf gain control and grounding 
it directly lets the stage work at its max-
imum gain and sensitivity. The cathode 
resistor (fig. 2) runs from the tube 
socket to a nearby standoff insulator 
where it connects with the rf gain con-
trol wiring. 

Remove the wire from the standoff 
and tape it out of the way so it can't 
short. Then run a short wire from the 
resistor end on the standoff to a con-
venient ground lug. It would be a bit 
fussy, but you could run a shielded 
cable to a switch on the front panel and 
make the modification optional. 

While the modifications are simple to 
make, you wil l need the manual to 
safely disassemble and reassemble the rf 
deck. Without it, it is too easy to dam-
age the set or misalign the tuning 
mechanism. 

It is possible to position the rf deck 
on its side in the main chassis so that 
the cables wil l just reach and you will be 
able to get at the bottom of the sub-
section chassis for testing or trying mod-
ifications wi th the set in operation. 

Be careful when doing this as there is 
almost no slack in the cables and it is 
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fig. 1. Diode load audio tap 
for use with an external 
audio amplifier. 
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very easy to break one or damage some 
other part. Replacing one of the coax 
cables would try the patience of a saint. 

Low sensitivity. If your R-390 seems to 
have lower sensitivity and higher noise 
below 8 MHz, and no fault can be 

found, try bridging either C281 or C282 
(first mixer output coupling capacitors) 
wi th a higher value; the gain may come 
right up. The value probably isn't criti-
cal; I replaced both capacitors with 100 
pF. 

Antenna matching. The unbalanced an-
tenna jack, J103, was intended for a 

RF AMPLIFIER 
V20I 

RF AMPLIFIER 

4 RF GAIN 

REMOVE AND TAPE 

^ ^ ORIGINAL ^ ^ MODIFICATION 

fig. 2. Modifications for the R390A rf 
amplifier. 

whip antenna with a very short lead-in 
or a random length of wire. If you are 
using a longer length of coaxial cable 
you may be losing most of the signal. 

A UG-970/U adapter, used with bal-
anced input jack J104, makes the neces-
sary changes with a substantial improve-
ment. The following modification, origi-
nally issued by the Navy as a field 
change, does much the same thing. 

1. Disconnect plugs P205 and P206 
from the antenna box inside the set and 
reverse them: P205 to J106 and P206 to 
J105. 

2. Connect a shorting plug to J104. 

3. Connect the antenna to J103 which, 
because of the internal changes, pro-
vides a much better match to the an-
tenna. 

reference 
1. Eugene A. Hubbell, W 7 D I , "Improving the 
R 3 9 0 A Product Detector," ham radio, July, 
1974, page 12. 
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tebook 

trig functions on a 
pocket calculator 

There are several ways of evaluating 
log, exponential and trig functions on 
small hand-held calculators. Here is a 
method for trig functions which offers 
some advantages if the calculator has 
square-root capability. Methods for 
finding square roots on four-function 
machines were previously described in 
ham radio.1 

The usual scheme is to run out the 
calculations using the series expansion 
for the sine or cosine. For the simple 
four-function machine this has the ad-
vantage of requiring only four basic 
operations. However, it has some dis-
advantages. The infinite series expres-
sions are difficult to remember. Also, a 
number of terms of the series must be 
added together to arrive at a value accu-
rate to three or four decimal places. 

With square-root capability sine, 
cosine and tangent can be done quite 
simply by making use of a few trig iden-
tities. A useful approximation is that for 
small angles, the sine, the tangent and 
the angle, expressed in radians, are 
equal. Table 1 lists some values along 
with the error for using the angle (in 
radians) rather than the sine or tangent 
function. Note that the values for the 
sine are somewhat closer to the actual 
values than for the tangent — about a 
two to one difference. Up to 20 degrees 
the maximum error is 4 per cent; limit-

1. J o h n Sego, K 9 D H D , "F ind ing Square 
Roots," ham radio, September, 1973, page 67. 

ing the angle to 15 degrees keeps the 
sine error within 1 per cent. 

To convert degrees to radians simply 
multiply the angle by pi and divide by 
180. If the angle is 15 degrees or less 
this immediately gives the approximate 
sine or tangent. To evaluate the cosine 
use relation (3) after obtaining the sine. 
This is very simple on a calculator with 
square-root capability. 

For angles between 15 and 45 de-
grees use relation (5). First calculate the 
sine and cosine for an angle that is half 
the desired angle. Then multiply these 
two together and times 2 to obtain the 
sine of the angle. Memory is useful dur-
ing this double calculation to store the 
intermediate value for the sine. 

To increase the accuracy of the re-

table 1. Values for the tangent and sine of small angles 
are very close to the angle expressed in radians, as 
shown here. Tr ig identities for calculating other func-
tions are shown below. 

e e 
(degrees) (radians) sin 6 error tan 6 error 

1° .01745 .0175 0 .0175 0 
2° .03491 .0349 0 .0349 0 
5° .08727 .0872 0.1% .0875 0.3% 

10° .17453 .1736 0.5% .1763 1.0% 
15° .26180 .2588 1.2% .2679 2.3% 
20° .34906 .3420 2 .1% .3640 4.1% 

fl(RAD)= X flIDEG) (1) 

FOR 0<0 < 15° sinfl ^ tanO ^tf(RAD) (2) 

cos0 = -sin20 

tantf = 
sinO 
cos 0 

sin20 = 2sin0 cosO 

sinO = cos(90° -0) 

(3) 

(4) 

(5) 
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suit, the above procedure is done in two 
steps at angles one quarter and one half 
the desired angle. Between 30 and 45 
degrees this method is almost manda-
tory since the error above 15 degrees is 
fairly large. An example, table 2, has 
been worked out for the sine of 45 
degrees. The calculated value differs by 
only 0.5 percent from the actual value. 

For angles between 45 and 90 de-
grees use relation (6). Find the sine and 
then the cosine of the complement of 
the angle desired. 

table 2. Using the trig identities shown in table 
1 to calculate the sine of 45 degrees. Steps 
can be accomplished easily on a pocket calcu-
lator wi th square-root capability. 

sin 22.5° = 2(sin 11,25°}(cos 11.25°) 

11.25° = — r a d = 0.19635 % sin 11.25° 

cos 11.25° = N / r r ( 0 ? l 9 6 3 5 ) 2 = 0.98053 

sin 22.5° = 2 X 0.19635 X 0.98053 = 0.38505 

sin 45° = 2 (sin 22.5°)(cos 22.5°) 

cos 22.5° = \ / l (.38505)? = 0.92289 

sin 45° = 2(0.385051(0.92289) = 0.71073 

sin 45° ( f rom tr ig table) = 0.70711 

0 .71073 - 0.70711 v i r ,A 1 ) , n K 1 0 ( V error = Q ^ x 100% = 0.512% 

As indicated in table 1, the error for 
the tangent is somewhat larger than for 
the sine when using the angle in place of 
the function. Since the above steps pro-
vide simple calculations for both the 
sine and cosine, relation (4) can be used 
to find the tangent of any angle. 

The trig identities shown here should 
be at least as familiar as the series ex-
pansions for sine, cosine and tangent. In 
fact, relation (5) is really the only spe-
cial identity in the group; the others 
come from trigonometry definitions. 

Cal Sondgeroth, W9ZTK 

copper-plated 
circuit boards 
with terminal inserts 

Perfboard with terminal inserts has 
served well for many projects. What it 
lacks is the all-important ground plane 
that an etched board provides. This 
ground plane can be the difference be-
tween a quiet and a noisy mike preamp 
or the difference between a smoothly 
acting rf or converter stage and one that 
has a will of its own. 

The answer I developed is a marriage 
of a circuit board copper plated on one 
side only with the perf board insert 
terminals. Insulated islands for the ter-
minals was the immediate problem. The 
solution for this was to use a bit de-
signed t o rout channels in wood. 
Chucked in the drill press, this routing 
bit takes perfect %=inch (6.5mm) circles 
of copper from the board. Holes are 
then drilled in the center of the newly 
created insulated islands and the perf 
board terminals are inserted. The circuit 
is then wired point-to-point, with any 
components requiring a ground being 
terminated in a hole in the copper 
ground plane and soldered directly to 
the copper. 

Layout is a common sense approach. 
Merely pencil a grid on the copper sur-
face, determine where you want the is-
lands, and apply the router bit. A few 
moments practice on a scrap piece of 
board will quickly give you the feel of 
just how much pressure to apply with 
the router bit to get perfect removal of 
copper without biting into the board 
proper. 

Duplicate boards may be made by 
applying identical grids to the blanks. 
After the islands have been created, the 
boards may be stacked and drilled in 
one operation for terminal insertion. If 
you use care, this method may be used 
with board material plated on both 
sides. 

Allan S. Joffe, W3KBM 
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fig. 1. Ultrmate skirt selectivity of the Collins 
7SA4 can be improved by replacing the 
second tuned i-f circuit (L.27-C80) with a 3.1 
kHz mechanical filter (Collins F455J31) . 

headphone cords 
For some time I have tried to pur-

chase replacement earphone cords for 
my headphones. Over one dozen New 
York merchants told me they didn't 
stock them. 

Various alternatives (including four-
wire rotator cable) were tried, but none 
of them were satisfactory. If you are 
faced with a similar problem I would 
suggest trying Trimm, Inc., for suitable 
replacement cords. 

I tried both their no. 811, standard 
pin tip terminals, black cotton braid, 414 
feet (1.4m) long; and their no. 870, 
similar but 5 feet (1.5m) long with a 
waterproof outer braid. Costs range 
from $2.00 plus postage. A card to 
Trimm, Inc., Post Office Box 489, 
Libertyviile, Illinois 60048 could save 
you a lot of exasperation. 

Neil Johnson, W20LU 

increased selectivity 
for the Collins 75A4 

The ultimate skirt response of the 
75A4 selectivity curve can be improved 
considerably by replacing the second 
455-kHz i-f amplifier tank circuit 
(L27-C80) with a 3.1-kHz Collins mech-
anical filter (F455J31) as shown in fig. 
1 (modification suggested by W4ZKI). 
Since most amateurs who use the 75A4 
for ssb operation have replaced the orig-
inal 3.1-kHz filter with a 2.1-kHz filter, 

the 3.1-kHz unit is seldom used. If a 
3.1-kHz filter is not available, a 4.0 kHz 
filter (F455J40) will still provide a 
noticeable improvement in skirt re-
sponse. The L27-C80 tuned circuit is in 
the i-f can next to the filter capacitor, 
C94. 

Remove the bottom panel of the re-
ceiver, disconnect all the leads which go 
to the L27 i-f can, and remove the two 
retaining nuts (don't discard the i-f can 
— you may want to restore the receiver 
in the future). Cut out a small piece of 
thin aluminum, 1-3/4 inch (4.4cm) 
square, and punch a 3/4-inch (2cm) hole 
in the center for a 9-pin tube socket. 
Drill the two chassis-mounting hbles and 
position the tube socket so pins 1-2 and 
6-7 are aligned with them. Install the 

Filter Installation in the Collins 75A4. 
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socket on the plate and fabricate a small 
brass shield about 5 / 8 inch (1.6cm) 
high. This shield is placed across the 
tube socket between pins 3-4 and 8-9 
and soldered in place (see mechanical 
filter sockets A, B and C for reference). 
Ground all unused socket pins. 

Wiring the new filter into the circuit 
is straightforward and requires only four 
mica capacitors and one inductor. 
(C201-C2Q4 and L201 in fig, 1). Install 
the two 100 pF filter resonator capaci-
tors at the input and output socket pins 
(the filter is symmertical so either set of 
pins may be used as the input). Install a 
small terminal strip next to V 8 for the 
junction of R45, R47, C70, C210 and 
L201. Delete C69 and R46 as they are 
not used in the new mechanical filter 
circuit. 

An improvement in i-f gain can be 
obtained by removing resistor R29 from 
the plate circuit of V6 . This resistor 
swamps out the Q of L24 and increases 
the bandwidth for a-m reception; it is 
not required for ssb or CW operation. 

Jim Fisk, W 1 D T Y 

muting microphones 
Other amateurs must be faced occasion-

ally with the same problem I was: that 
of disturbing others in the household 
when talking into a microphone. Head-
phones, of course, eliminate any speaker 
disturbance. The microphone problem 
was solved by attaching a heavy-walled 
cardboard tube (of the proper diameter) 
about 3 inches (10cm) long to the face 
of the microphone, making sure the 
joint is completely sealed. By pressing 
your lips into the open end of the tube, 
and speaking in a whisper, no sound can 
be heard in the shack. The fact that the 
voice is completely retained within the 
tube compresses the sound, resulting in 
increased talk power, although it may 
sound like you're in a barrel. Micro-
phone gain must be reduced considerably. 

Ralph Cabaniiias, Jr., W 6 I L 

You're Ahead 
when mobile with a 

Larsen Kulrod 
Gain Antenna 

• TOPS IN PERFORMANCE • 
• LOW SILHOUETTE GOOD LOOKS . 

• V.S.W.R. LESS THAN 1.3 TO 1 • 
• HANDLES FULL 200 WATTS • 

Larsen Kulrod VHF Antennas are the result 
of over 25 years of practical experience in the 
two-way radio field. They are rugged, reli-
able and built with infinite care to assure 
top performance. Models available to f i t all 
standard mounts and for all popular ama-
teur VHF frequencies. Each is equipped with 
the exclusive Larsen Kulrod, your assurance 
of maximum efficiency and no loss of RF 
through heat. Comes complete with all in-
structions. Models for 2 meters deliver a full 3 
db gain over 1/4 wave whips . . .the 420-440 
MHz and 440-460 MHz collinears. . . 5 db 

gain and full 100 watts capability. 
Sold with a full money back guarantee . . . 
the most liberal in the mobile antenna field. 
Whether you work via repeater or simplex 
you deserve to have a Larsen Kulrod. Get 

full fact sheet and prices, today. 

©KuliaiJ . . . 
a midumaik o( Lai sen EI«cnonics 

rsen Antennas 
11611 N.E. 50th Ave. P.O. Box 1686 

Vancouver, WA 98663 
Phone 206/573-2722 
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comments 

speech processing 
Dear HR: 

Z L I B N ' s article on speech processing 
in the February, 1975, issue of ham 
radio covered much of the knowledge 
which has been available in the litera-
ture to the amateur. However, a few 
ideas to which I have been exposed were 
omitted. First, no reference was made 
to the excellent article in QST1 which 
developed a theoretical and empirical 
model of intelligibility, a concept which 
continues to be confusing to most hams 
w i t h w h o m I have had relevant 
discussions. 

Secondly, ZL1BN is well justified in 
his concern for problems of signal-to-
noise degradation and power ineffi-
ciency resulting from heavy clipping 
levels, as can be attested by those who 
have heard, say, a Signal One under full 
clipping and power in heavy competi-
tion. One method which I have found 
effective in reducing extraneous noise in 
conjunction with my rf clipping system 
is the use of an "inverted" audio com-
pressor; that is, an expander. A mod-
erate amount of expansion (5 to 10 dB) 
seems to keep ambient noise to a mini-
mum without degrading intelligibility. 
Adapting a good-quality audio com-
pressor such as the RP Electronics 
RPC-3* to the expansion mode is ex-
tremely easy as shown in fig. 1. 

T h i r d l y , an important factor in 

1. Harold G. Collins, W6JES, "Ordinary and 
Processed Speech in SSB Application," QST, 
J a n u a r y , 1 9 6 9 , page 17. 

S3 ft 

fig. 1. Basic circuit of the RP Electronics RPC-3 speech processor. Expand function is added by 
breaking connections between R3 and Q2 gate and between Q1 source and ground and connecting 
Q1 source to the junction of R2 and C I . 
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fig. 2. Block diagram of PAflKT's method of achieving an ssb signal with constant amplitude using 
a fast-acting audio compressor with an offset technique that produces a residual carrier at 1 kHz so 
that full output can be obtained during pauses in speech. 

communications theory (but almost en-
tirely overlooked in the amateur litera-
ture) is the role of redundancy in effec-
tive transmission of information. On 
several occasions I chanced to overhear 
a weak signal of a young amateur who 
was using a reverbration system in the 
audio string and was very much im-
pressed at the apparent readability im-
provement of his signal. I have also 
heard the use of reverbration by foreign 
broadcast stations with apparent im-
provement of intelligibility. Parity test-

•Available from RP Electronics, Box 1201, 
Champaign, Illinois 61820. 

ing, a form of redundancy, is standard 
practice in computer data transmission. 

Finally, it has been mentioned that rf 
clipping simulates a form of variable 
pulse-width modulation, which is essen-
tially digital, as opposed to the analog 
waveform characteristics of unprocessed 
audio. With the recent introduction of 
relatively low-cost but powerful and fast 
mini-computer systems, it may be fea-
sible at this time to develop a real-time 
speech-processing algorithm for precise 
computerized control of speech process-
ing parameters. 

James G. Limber, K9ZAT 
Chicago, Illinois 

rf interference 

Dear HR: 
One common type of RFI to which 

hi-fi equipment is susceptible is the 
"thumps and bangs" which come from 
the thermostats in refrigerators and cen-
tral heating systems. It is not generally 
realized that these noises are usually 
caused by rectification of the radio-
frequency component of the unwanted 
signals, and that any hi-fi equipment 
which is susceptible to "fridge crunch" 

is almost certainly also susceptible to 
other forms of rf interference. 

If your neighbor complains of inter-
ference, it is a good approach psycho-
logically to say something along the 
lines of, "Yes, it is a problem with some 
hi-fi equipment — it probably picks up 
your refrigerator as well." Nine times 
out of ten you will hit the nail on the 
head and get your point across. Your 
neighbor's displeasure at having to get 
his hi-fi fixed to remove your trans-
missions will be reduced if you point 
out that standard RFI measures will 
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2 NEW 
VHF POWER METERS 

27-450 MHz 

Continuous Frequency Coverage 

SPECIFICATIONS 
Model C1277 

Frequency Range 27-450 MHz 

Wattmeter Accuracy 10% FS 

Power Capability 
SSB 50 Watts Entire Range 
CW 50 Watts 100-225 MHz 

25 Watts 27-300 MHz 
15 Watts above 300 MHz 

Connectors Type "N" Standard 
(UHF on request) 

(Model C1297 Covers 30-250 MHz 

at 200 Watt Power Rating) 

Model C1277 $89.50 plus tax 
Model C1297 $89.50 plus tax 

Send for data sheet or order direct: 

WERLATONE INC. 
P. 0. Box 258 

^ J j ' Brewster, N. Y . 10509 

usually remove other unwanted noises 
as well. 

clipping and rfi 
It may come as a surprise that while 

a speech clipper makes your signal 
sound louder to other amateurs, it actu-
ally reduces the level of interference 
picked up on high-fidelity installation. 
With an ssb signal the hi-fi system regis-
ters the difference between the peaks 
and the troughs of your voice, and so 
theoretically if you clip sufficiently 
(enough to lift the noise between words 
to peak level), all amplitude variations 
will be cancelled, and the R F I will dis-
appear. 

In practice, if an rf speech clipper is 
used with around 6 to 10 dB of high-
frequency pre-emphasis,2 about 30 dB 
of clipping can be applied without 
objectionable distortion. At this level of 
clipping, unless you run a very substan-
tia! linear, input power has to be re-
duced somewhat and a combination of 
this with the clipping can result in a 
considerable reduction in R F I along 
with a net gain in talk power. 

Some experimenting has been done 
along these lines in Europe where the 
clipping has been taken to the extreme 
of being infinite — a block diagram of 
the system developed by P A 0 K T is 
shown in fig. 2.3 Although all the audio 
components are at the same level, the 
signal is still quite readable. This may 
seem like a drastic approach, but in dif-
ficult interference problems where un-
sympathetic licensing authorities are in-
volved, it has solved the problem. 

Harry Leeming, G 3 L L L 
Holdings Audio Center 

Blackburn, England 

2. B. Kirkwood, Z L 1 B N , "Principles of 
Speech Processing," ham radio, February, 
1975, page 28. 

3. P. Hawker, G3VA, "Constant-Amplitude 
SSB," Radio Communicatios, November, 
1974, page 762. 
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vhf/uhf directional 
rf power meter 

The new Rohde & Schwarz direc-
tional rf power meter, type NAUS-80, 
provides simultaneous measurement of 
incident and reflected power over the 
frequency range from 25 to 1000 MHz 
without any switching or changing 
measuring heads. The indication accu-
racy of the power meter is within 4% of 
the reading and ±1% of full scale — this 
is a vast improvement over the accuracy 
of most rf power meters which is usu-
ally specified only as a percentage of 
full-scale deflection. Although the 
NAUS-80 power meter is designed for 
operation over the range from 25 to 525 
MHz, it is usable to 1000 MHz. If de-
sired, the factory can calibrate the in-
strument to 1500 MHz at slight addi-
tional charge. Power ranges are 3.2, 10, 
32, 100 and 320 watts full scale. 

78 EB november 1975 

The NAUS-80 rf power meter con-
sists of two units: the measuring head, 
and the indicating unit. The measuring 
head contains a symmetrical directional 
coupler which measures both incident 
and reflected power. Networks within 
the measuring head compensate for the 
voltage coupled out, which rises with 
frequency. The coupling attenuation 
and voltage division in the directional 
coupler are adjusted so that the rf recti-
fying diodes operate only in the square-
law region. This permits the use of easy-
to-read, linear meter scales. 

The small rectified voltage (10juV to 
25 mV) from the directional coupler is 
amplified in a chopper amplifier which 
converts the dc input voltage to a square 
wave which is boosted 50 dB in a series-
connected amplifier. The amplified sig-
nal is then applied to an attenuator 
which is ganged with another attenuator 
in the feedback path. In the 3.2 watt 
position attenuation is 0 dB, increasing 
10 dB with each measurement range. 
Since the attenuation in the feedback 
path is reduced simultaneously in corre-
sponding amounts to the main attenua-
tor, the loop gain of the chopper ampli-
fier is the same on all measurement 
ranges so the meter indications are free 
of oscillation and transient response re-
mains constant. 

The attenuator is followed by the 
final amplifier where the signal is 
boosted by another 50 dB and then fed 
to a synchronous detector. The transis-
tors in the synchronous detector are 
driven together with the same square-
wave generator which- drives the chop-
per amplifier. The synchronous detector 
operates into a charging capacitor; a 
series resistor is included to form a low-
pass filter with a low cutoff frequency. 
The voltage at the output of the lowpass 
filter (approximately 300 mV on all 
measurement ranges for fullrscale deflec-
tion) is connected to the panel meter. 

The feedback voltage to the chopper 
amplifier is fed back through a thermis-
tor which compensates for the slight 
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temperature effect on the rf rectifying 
diode in the directional coupler. Tem-
perature effect on the meter indication 
is less than 0.25% (referenced to indica-
tion at 25°C). 

Although the directivity of the direc-
tional coupler is 30 dB or more above 
30 MHz, finite reflected power would 
be indicated when working with 
matched terminations. The designers 
compensated for this effect by connect-
ing the inverting output of one channel 
to the non-inverting input of the other 
channel through resistors. The rectified 
voltage of the incident power being 
measured in channel A is attenuated 
such that the voltage available at the in-
verting input of the channel B chopper 
(reverse power channel) is virtually the 
same as the voltage present at the non-
inverting input which develops because 
of the finite directivity of the direc-
tional coupler. The two voltages balance 
out and, as a result, there is no indica-
tion on the reflected power meter. The 
effect is the same as if the measurement 
were made with a match-terminated di-
rectional coupler with infinite directivity. 

Our staff had an opportunity to 
evaluate the NAUS-80 recently, and it 
proved invaluable in setting up the 
tuned input circuit of a high-power two-
meter linear for minimum vswr, and 
measuring drive power. Its high reflec-
ted power sensitivity and panel meters 
for both incident and reflected power 
are especially helpful in quickly evalu-
ating the effect of circuit adjustments. 
Since the instrument is completely port' 
able, it can also be taken to the top of 
your tower for precise antenna checks. 

The Rohde & Schwarz NAUS-80 rf 
power meter is available for 50, 60 or 
75 ohms. Various types of connectors 
are available including type N, BNC and 
UHF, and may be changed in the field. 
The built-in power supply uses five 
1.5-volt D-size dry cells with an esti-
mated operating life greater than 7000 
hours (total power drain is 1 mA or less, 

SPEC COMM 5'%60 
The New 5 Wt 2M FM Portables 
with "Snap Pack"Modules 

Now you'll have 
three systems in 
one, thanks to our 
plug-In "Snap 
Pack" Modules. 
They provide ver-
satile, yet opti-
mum, perform-
ance, whether 
Portable, Mobile, 
or Fixed. Team 
these up with die 
512 or the 560 
and you're ready 
for action! 

• SX THE POWER 
of the usual 1 Wt. 
portables! But draws 
only 2X the currents 
While BP-1 Battery 
Pack provides3X the SC512 with BP-i 
capacity of the usual "Snap Pack" 
portable or H T batteries — for 8 hrs. typ. 
operation per charge. 
• Exclusive HOT CARRIER Of ODE MIXER 
provides intermod & overload performance never 
before available to the Amateur —andonly SPEC 
COMM has it\ 
• Uses a level of IC Sophistication unheard-of in 
amateur equipment — for superior, more reliable 
performance! 

• Ihn IK! urn 1146 » uffllMI . Uf <11. mil — *M» H ) W a l < S « M 
• riMffwtt 0* alt ful l * c«lf**wff Mttt VOtftr In* I M , 0 WV/20H . Iwul t»»mms» f«'l| prsmlfd » 'W I', Jt •'Wlfl » rt JO IHl • 3* Hif tsr aeotf vsy*d * St"*lt *t»». u iuii tarn. 
• l«9M « n l | 2 lb! '<> u v t v s m p , r t | « t i M ' • Stff f b I fl- > C»f<iWfrH 4 Cunt >9 U.S. ** fw qwjillf thfttntart* • ClKlrtM T/« • 100% II wt (III Uvuatt • UO Cl'T »Mt*Jr Md«*t0r • 100 Uf MKI1I 

Inquire about our RPTR. RCVR. & XMTR, Boards, 
Available from Dealers soon — or Factory Direct. 
DEALER AND CLUB INQUIRIES INVITED! 
See Review Article In April 73 Mag. 
Send for Data Sheet. 

SC512 (5 Wt. 12 channels) $249.95 
SC560 (5 Wt.. 6 channels) $224.95 
MOBILE MOUNT-MB-1 $8.50 
"SNAP PACKS": 

Portable-BP-1 (Ni-Cad Batt., Charger, 
Ant., carrying strap) $89.95 

Mobile-BA-1 (25 Wt. Amplifier)$84.95 
Base-AC-1 (AC Supply) $49.95 

ADD $3.50 SHIPPING/HANDLING 
PA. RES. ADD 6% TAX 

SPECTRUM COMMUNICATIONS 
BOX 140HR, WORCESTER PA 19490 (215) 584-6469 
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with TELREX 
Professionally Engineered 

BEAMED-POWER" 

"BALANCED-PATTERN" 

"PERFECT-MATCH' 

Antenna Systems 

The design, craftsmanship and 
technical excellence of Telrex — 

Communication Antennas. 

have made them the standard of 
comparison throughout the world! 
Every Telrex antenna model is 
engineered, precision machined, 
tuned and matched, then calibrated 
for easy and correct assembly at 
your site for repetition of our 
specifications without 'cut and 
try' and endless experimentation. 

tr 

with a "MATERIAL" difference! 
Also: Rotator-Selsyn-lndicator 

Systems, Inverted-V-Kits, 
"Baluns," Towers, "Bertha" Masts, 

12-Conductor Control Cable 
and Co-ax. 

Laboratories 

ASBURY PARK, NEW JERSEY 07712, U.S.A. 

depend ing u p o n the measurement 
range). The vswr of the measuring head 
is 1.03 or less, and insertion loss up to 
300 MHz is 0.1 dB or less (0.25 dB or 
less to 525 MHz). The instrument is 
covered by a five-year warranty. 

A l s o available from Rohde and 
S c h w a r z is the type N A N high-
frequency wattmeter and matching indi-
cator which provides direct power and 
re f lec t ion coefficient measurements 
over the high-frequency range. Accuracy 
is within 5 % of full scale and frequency 
response is flat within 3 % over the range 
from 1.5 to 30 MHz. The instrument is 
available with a characteristic impedance 
of 50, 60 or 75 ohms. Reflection due to 
the coupling system is less than 2%. The 
instrument has four selectable power 
scales up to a maximum of 1200 watts. 

For more information on the N A U S 
or N A N rf power meters, write to 
Rohde & Schwartz Sales Company, 14 
Gloria Lane, Fairfield, New Jersey 07006 
or use check-off on page 126. 

two-meter 
fm transceiver 

The Horizon 2 is a new, 12-channel, 
25-watt two-meter radio developed by 
Standard Communications Corporation. 
This rig is an outgrowth of Standard 
Communications' land/mobile and mari-
time equipments, which must meet rigid 
FCC type acceptance requirements for 
the transmitter section. The receiver sec-
tion meets the proposed maritime FCC 
receiver specifications as well as the cur-
rent receiver D O C type acceptance re-
quirements for use in Canada. 

Some of the features of the Horizon 
2 include 25 watts nominal output; 23 
watts minimum. The unit is capable of 
using 12 channels; three are included: 
94/94, 52/52, and 16/76. Crystal net 
capacitors are included for both trans-
mit and receive. The receiver front end 
has a selective ceramic filter that pro-
vides - 6 5 dB minimum selectivity. 
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Plenty of audio power is available — 
more than 3 watts — perfect for the 
noisiest mobile installation. The rig is 
center tuned to 146.94 MHz and will 
operate on the low and high ends of 
CAP and MARS frequencies. 

The Horizon-2 amateur net price is 
$225.00, which includes the three chan-
nels mentioned above. For other chan-
nel options and more data, write Stan-
dard Communications Corporation, P.O. 
Box 92151, Los Angeles, California 
90009, or use check-off on page 126. 

250-MHz 
frequency counter 

The K-Enterprises model 4X6 six-
digit frequency counter covers the fre-
quency range from 500 kHz to 250 
MHz with sensitivity of 80 mV or less at 
150 MHz. The input impedance of the 
counter is 50 ohms and maximum input 
voltage is 15 Vrms or 50 Vdc. The time 
base uses a crystal clock with an accu-
racy of 10 ppm over the temperature 
range from zero to +40°C. The model 
4X6, which contains a built-in power 
supply for operation from 117 Vac, is 
priced at $250. The model 4X6C, which 
includes a temperature compensated 
crystal oscillator with 0.0005% accuracy 
from - 3 0 ° to +60°C, is priced at $270. 
Add $ 2 . 5 0 to cover postage and 
insurance. 

For more information on the K-
Enterprises 250-MHz frequency coun-
ters, write to them at 1401 East High-
land, Shawnee, Oklahoma 74801, or use 
check-off on page 126. 

fm power amplifier 
Specialty Communications Systems 

has introduced a new Porta-Pack 25-
watt power amplifier system with a 
self-contained battery pack which can 
be carried over your shoulder. Designed 
for use with the popular H-T fm trans-

THE BEST WAY TO 
MONITOR RADIO CHANNELS 
WITHOUT LISTENING 

TOUCH-TONE® 
DECODER 
$75.00 
LOWEST PRICE EVER OFFERED 
FOR A QUALITY TOUCH-TONE DECODER 

MAYNARD ELECTRONICS recently purchased the 
entire stock of discontinued models of PLL 
TOUCH-TONE DECODERS from a major com-
mercial manufacturer. Our agreement stipulates 
that the sale of these units will be limited to 
the amateur radio market. Because the sale 
price is below the manufacturer's cost, it is 
necessary to limit sales to five units per ham 
to prevent commercial speculation. 

FEATURES: 
• Virtually immune to falsing by voice, CTCSS 

tones, music and noise 
• Includes a CALL LIGHT and BUZZER 
• Output for vehicle HORN connection 
• Relay UNMUTES SPEAKER when call is 

received 
• Field programmable for UP TO EIGHT DIGIT 

code sequence 
• May be used for MOBILE or FIXED 
• Designed for 12 VOLTS DC Pos. or Neg. 

operation 
• Dimensions: 1% x 4 % x 5 15/16 inches 

Units are brand new. Complete satisfaction is 
guaranteed. If for any reason you are not com-
pletely satisfied, just return the undamaged unit 
within ten days for refund. 
MODEL 2000B TOUCH-TONE DECODER AND 

MANUAL $7S.OO 
MATING CABLE. MULTI-CONDUCTOR CABLE 

WITH MOLEX CONNECTOR $10.00 
Please enclose check or money order for the total amount 
plus S5.00 for shipping and handling. A $10 .00 deposit is 
required on C.O.D. shipments. F.O.B. Belmont. 
Include your name, shipping address, zip code and ham 
call sign. Calif, residents add sales tax. 

MAYNARD 
ELECTRONICS COMPANY 

P. O. Box 363, Dept. A 
Belmont, Ca. 94002 

Phone (415) 592-1553 
Touch-Tone is a reg. T.M. of AT&T Co. 
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N E W BIPOLAR MULTIMETER: 
AUTOMATIC POLARITY INDICATION 

Model ES210K 
Displays Ohms, Volts or Amps in S ranges • 
Vo l tage from 100 Microvolts to 500 V • Resist-
ance f rom 100 M i l l i o h m s lo 1 M e g o h m • Current 
Ironi 100 Nano Amps lo 1 Amp , $ 8 0 . 0 0 C a s e 
included. (Opt iona l probe S5.00). 

40 MHz DIGITAL FREQUENCY COUNTER: 
• Will not be damaged by high power transmission levels. 
• Simple, 1 cable connection lo transmitter's output. 

ES 220K - Line frequency time base. 
1 KHz resolution . . . 5 digit: $79.50. Case extra: S10.00 

ES 221K - Crystal time base. 
100 Hz resolution . .6 digit: $109.50 Case extra: S10.00 

DIGITAL CLOCK: 

ES 112K/124K • 12 hour or 24 hour clock: S46.95. 
Case extra: Metal $7.50 

CRYSTAL TIME BASE: 
ES 201K - Opt. addition to ES 112K, 124K or 500K 

Mounts on board. Accurate to .002% S25.00 

I.D. REMINDER: 
ES 200K - Reminds operator that 3 minutes and 45seconds 

have passed. Mounts on ES 112 or 124 board. Silent LED 
Hash: S10.95. Optional audio alarm S4 extra. 

SPECIAL OFFER: Ask about our 
unique Clock Kit Special. Prices as 
low as $20.00! 
Each l i t contains complete pans list with all parts, schematic illustrations 
anil m y to fol low, step by step instiuctions. No special tools regimcd. 

ORDER YOURS TODAY: 
Use your Mastercharge or 
Bankamericard 
Money Back Guarantee 

505'/? Centinela • Inglewood, Ca. 90302 • (213) 674-3021 

ceiver, the amplifier can also be used 
with other similar hand-held fm trans-
ceivers, and covers the complete two-
meter band without retuning. The bat-
tery pack provides 45 minutes of "talk" 
time and can be recharged in four hours. 
Included with the $199.95 package 
price are the 25-watt power amplifier, 
12-volt Gates cell energy source, exter-
nal constant-voltage charger, flexible an-
tenna and a leather case with belt loop 
and shoulder strap. For more informa-
tion, write to Louis Anciaux, WB6NMT, 
Specialty Communications Systems, 
4519 Narragansett Avenue, San Diego, 
California 92107, or use check-off on 
page 126. 

radio-sentry 
mini-meter 

Mini-Meter, a new amateur fm trans-
mitter monitor, has been introduced by 
Electronic Specialists. The transmitter 
field strength is continuously moni-
tored, with the status displayed on a 
miniature meter. Ultra compact, Mini-
Meter operates without batteries or 
wires and can be carried in your pocket 
for on-the-spot transmitter checks. 
Deteriorating performance can be spot-
ted early, allowing timely maintenance. 
The unit is supplied with a convenient, 
detachable mounting arrangement. State 
frequency. $27.95 postpaid from Elec-
tronic Specialists, Box 122, Natick, 
Massachusetts 01760. 
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a second look fisk 
Beginning this month we are presenting 
a series of articles on microprocessors 
by Dave Larsen, WB4HYJ, Peter Rony 
and Jonathan Titus, authors of the pop-
ular series of Bugbooks* Not since the 
development of the transistor in 1948 
has any product or technology offered 
such an exciting promise of things to 
come as the microprocessor — literally a 
computer on a chip. 

Computers in the 1960s are credited 
with revolutionizing the engineering and 
accounting fields by replacing people 
power wi th instantaneous electronic 
computation and retrieval. Microcom-
puters in the 1970s are expected to ex-
tend these benefits into areas where 
existing computer technology has never 
before penetrated, including amateur 
radio. Several groups are now working 
on microprocessor controlled vhf-fm re-
peaters, future OSCAR satellites will 
carry an on-board microprocessor for 
systems maintenance and control, and 
VE3SAT and others are already using 
microprocessors for ASCII communica-
tions through OSCARs 6 and 7. 

Other amateur applications such as 
RTTY speed control, RTTY-ASCII or 
RTTY-Morse conversion, and auto-
matic Morse code copiers are a natural 
for microprocessors. Automatic satellite 
tracking systems, log keeping, transmit-
ter tuneup and control, and antenna 
pointing systems are other straight for-
wa rd microprocessor-based systems 
which wil l see widespread use in the 
future. If, for example, you're a DXer 

*Bugbook / and II, Logic and Memory Cir-
cuits Using TTL In tegrated Circuits; Bugbook 
III, Microcomputer Interfacing Experiments 
using the Mark 80, an 8080 system, $35 the 
set from Ham Radio Books, Greenville, New 
Hampshire, 03048. 

and hear a rare VP8 on 20 meters, you 
would just punch VP8 into your key-
board and your beam would automat-
ically come around to the correct head-
ing. If you were operating on CW you 
would only have to tap out VP8 in 
Morse code — the microprocessor would 
convert the Morse characters into mach-
ine language, translate that into a beam 
heading, and turn on your antenna 
rotator. 

Unti l recently the cost of micro-
processor chips put them out of reach 
for most amateur applications, but as 
more and more manufacturers have got-
ten into the act the prices have dropped 
dramatically. The popular 8-bit 8080 
microprocessor which was originally 
developed by Intel, for example, was 
selling for $300 to $400 a little more 
than a year ago, dropped to about $150 
this past summer, and is now available 
from one source for under $30. Al-
though these prices are still a bit high 
for the amateur experimenter, industry 
sources predict that microprocessors 
wi l l sell for $5 or less wi thin a couple of 
years, perhaps as early as 1977. 

In addition to the microprocessor 
series in the magazine which is designed 
to familiarize amateurs with this impor-
tant new technology, during 1976 ham 
radio will be presenting a series of one-
day microprocessor seminars at various 
hamfests across the country including 
SAROC in Las Vegas (January 9th), 
M i a m i (January 24th) and Dayton 
(April 23rd and 24th). The fee for the 
seminar is $50 and includes $35 worth 
of books. Since seating is limited, early 
registration is recommended — write to 
ham radio for details. 

Jim Fisk, W1DTY 
editor-in-chief 



presst®p 
ANY HOPE THAT DOCKET 20282 — Restructuring — would be out by the end of this 

year has been much too optimistic. FCC Safety and Special Services Chief, Charles 
Higginbotham, W3CAH, feels that sometime next spring is a much more realistic 
target, and even then some aspects may require reexamination as additional dockets 
or oral proceedings such as the ARRL has requested. A tremendous amount of work 
has already gone into analyzing the mountain of Comments with the task far from 
done, and problems associated with CB's explosion aren't helping the effort. 

SECRECY PROVISIONS of the Communications Act of 1934, Section 605, deserve a 
lot more attention by Amateurs than they've been getting. A strict interpretation 
of Section 605 forbids the disclosure of anything heard on the air except broad-
cast and Amateur transmissions — and that includes mentions of frequencies or 
any other information regarding the overheard signals! 

Since This Ban applies to CB as well as other services, it could put a severe 
crimp in some of the recently publicized CB clean-up efforts conducted by Amateur 
groups. 

The Intent Of Section 605 is quite clear — how likely an Amateur is to be 
cited for violating it is not. 

REQUIREMENT FOR MULTIPLE COPIES for submissions to the FCC was upheld by Com-
missioners after consideration of a petition for its elimination submitted by 
W6NJU. Additional copies are necessary to insure the submission reaches all who 
should see it, but in their review of the requirement reductions were found 
possible. 

Effective October 14 the number of copies required for comments on a Notice 
of Proposed Rule Making was reduced from 15 to 12 (original plus 11 copies) — 
other requirements not likely to affect Amateurs were also reduced. In their re-
jection of W6NJU's petition the Commissioners also noted that single copy sub-
missions are now and have been accepted although they do not receive as wide 
circulation as those that meet the requirement. 

Ham Radio/HR Report readers should not forget our long standing public service 
offer. Send your FCC submission directly to us and we'll make all the necessary 
copies and mail them to the Commission for just $1.00 per page of original 
document. 

REPEATER FUNDING may become an issue with the FCC if some flagrant abuses 
aren't corrected. Though use of a club's dues to pay for repeater maintenance is 
well within the Amateur rules, the solicitation of money for the use of a given 
repeater or its facilities (such as autopatch) is almost certainly a violation 
of Part 97.112, "No remuneration for use of station." 

OSCAR ORBITAL PREDICTION BOOKLET produced by W6PAJ will replace HR Report's 
monthly prediction sheets for HR Report subscribers in 1976. W6PAJ's handy book-
let will be sent without charge to any subscriber who asks for it — dropping the 
monthly sheets was done in recognition that a vast number of subscribers did not 
use them and HR Report sheets were a duplication of effort. 

6000 MILE OSCAR QSO was completed between G3I0R and W6CG! Using meteor scatter 
techniques on selected orbits as the Satellite was over the horizon between them, 
successful two-way communications were finally exchanged between the two over a 
period of two weeks. Congratulations to both! 

CIVIL SERVICE ADMINISTERED Amateur Radio exams have not been as popular in the 
test areas as expected. At the mid-point of the two-year program (which runs 
until next July) no specific conclusions have been drawn and FCC Field Operations 
people are watching it carefully. 

BARRY ELECTRONICS WILL CONTINUE as a major Amateur Radio supplier despite 
Barry's tragic loss in a boating accident on Long Island Sound. Barry's wife 
Kitty vows she and the crew will keep the business going just as before. 

LA1SH/BY QSLs received by several west coasters are pretty exciting wallpaper 
but little else. It's now considered certain that he operated only from shipboard. 
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receiver 

Complete description 

of a frequency synthesizer 

that converts the 

Collins 75S-series of 

communications receivers 

to general-coverage use 
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During the past few years, the use and 
application of frequency synthesis in 
both receivers and transmitters has in-
creased tremendously. A quick perusal 
of the ads for vhf transceivers is all the 
evidence needed to verify this fact, al-
though there are also many high-
frequency military and commercial 
(non-amateur) transmitters and receivers 
which employ frequency synthesizers to 
generate specific frequencies required 
within those units. 

The advantages of having a general-
coverage receiver in the ham shack are 
manifold and were discussed in a pre-
vious article describing a synthesizer for 
use with the Drake R-4 series receivers1. 
This article will describe a frequency 
synthesizer to supplement or replace the 
high-frequency oscillator crystals in a 
Collins 75S-1, 75S-2 or 75S-3, resulting 
in a receiver which covers 3.4 through 

® -Q 
o 
DC 

"1849 Middleton Avenue, Los Altos, Cali-
fornia 94022. 
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30 MHz. Only minor electrical changes 
are required in the receiver; no holes 
need be drilled nor other mechanical 
modifications made. 

Before proceeding with the descrip-
tion of the frequency synthesizer which 
makes this possible, a review of the re-
ceiver conversion process is in order. 
The 75S-1, 75S-2 and 75S-3 receivers all 
utilize identical crystal-oscillator and 
first-mixer circuits, so that the discus-
sion is applicable to any one of the 
receivers. 

The local-oscillator (LO) frequency 
injected into the first mixer is 3.155 
MHz higher than the low-frequency end 
of the desired 200-kHz tuning range. 
Since the high-frequency oscillator is 
crystal controlled, this requirement is 
translated to a crystal which will gener-
ate the proper frequency. For example, 
the 3,8- to 4.0-MHz band requires a 
6.955-MHz crystal (3.8 plus 3.155 
MHz), which is supplied with the re-
ceiver. Collins specifies that the receiver 

S-Une frequency synthesizer with some of the 
128 crystals from the Collins CP-1 crystal 
pack, which it replaces. 

, |;1 m m m ̂  
| jfQ pA P^ 

J * ^ f 

will tune from 3.4 to 30 MHz with the 
proper crystal. It should be noted that 
for receiver frequencies above 12 MHz, 
frequency doubling takes place in the 
plate circuit of the crystal oscillator; 
therefore the crystal frequency is one-
half the frequency injected into the first 
mixer. Nevertheless, the injection fre-
quency is always 3.155 MHz above the 
lower band edge. 

In order to cover the entire range of 
3.4 to 30 MHz in 200-kHz increments, 
133 crystals would be required, starting 
with a 6.555-MHz crystal for the 3.4-to 
3.6-MHz band, a 6.755 MHz crystal for 
the 3.6- to 3.8-MHz band, and so on. 
Even with the 28 crystal positions avail-
able in the 75S-3A, it is obvious that a 
complete set of crystals would not only 
be impractical to use, but prohibitively 
expensive. However, if we can generate 
frequencies of 6.155 through 32.955 
MHz every 200 kHz, and substitute 
them for the crystals in the hf crystal 
oscillator, we can achieve all-band cover-
age within the specified tuning range of 
the receiver. The frequency synthesizer 
to be described does exactly that. 

basic phase-locked loop 
frequency synthesizer 

Although the basic phase-locked loop 
frequency synthesizer has been ex-
plained in previous articles, a brief re-
view at this time will simplify the de-
tailed explanation of this specific 
synthesizer. Fig. 1 shows the basic 
phase-locked frequency synthesizer. A 
stable reference frequency is applied to 
one input of a phase comparator. The 
output of the phase comparator is a dc 
voltage which passes through a lowpass 
filter and controls the frequency of a 
voltage-controlled oscillator (vco). The 
oscillator generates the desired fre-
quency, which may be any multiple of 
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the reference frequency. The vco output 
is also applied to a frequency divider 
whose function is to divide the vco out-
put frequency to the same frequency as 
that of the reference oscillator. 

Let's assume that the reference oscil-
lator frequency is exactly 5 kHz and 
that an output frequency of 6555 kHz 
is required. If we have a divider or pro-
grammable counter which wil l divide by 
1311, the signal input to the phase com-
parator will also be 5 kHz when the vco 
output is exactly 6555 kHz. This is 
accomplished by the phase comparator 
producing a dc output which "tunes" 
the vco until it is exactly 6555 kHz. The 
divided vco frequency is then exactly 5 
kHz, the same as the reference fre-
quency. Thereafter, the vco output wil l 
stay at 6555 kHz; any variation from 
this frequency changes the signal input 
to the phase comparator, which in turn 
produces a dc output change and brings 
the vco back to 6555 kHz. Thus, the 
output frequency is locked to the refer-
ence frequency, and has essentially the 
same stability as the reference oscillator. 

By using a frequency divider which 
can be programmed, it is possible to ob-
tain virtually any number of discrete 
f requencies w h i c h are integral mu l t ip les 
of the reference frequency, all of which 
are phase locked to the reference oscil-
lator. The lowpass filter keeps the refer-
ence frequency from modulating the 
vco and establishes the lock-up time of 
the loop. 

75S synthesizer 
A block diagram of the 75S hfo fre-

quency synthesizer is shown in fig. 2. 
The loop reference is a 100-kHz crystal-
controlled oscillator, which is divided 
by ten and then by two, resulting in a 
5-kHz reference signal which is applied 
to one input of the phase comparator. 
The other input to the comparator is 
the divided vco frequency, which will be 
discussed presently. The output from 
the comparator is a function of the dif-

ference between the two input fre-
quencies and is applied to the loop 
filter, consisting of an active and a pas-
sive lowpass filter. The resultant dc con-
trols the vco frequency by changing the 
capacitance of a varactor diode. The vco 
o u t p u t , 6.555 to 32.955 MHz in 
200-kHz steps, is amplified to a suitable 
level and routed to the receiver. 

The vco output is also applied, via an 
isolating source follower, to a Schmitt 
trigger, which converts the amplitude 
and waveform of the vco output to one 
that is compatible wi th the TTL inte-
grated circuits in the frequency divider. 

REFERENCE 'flfFj PHASE LOW- PASS VOLTAGE-
CONTROLLED 
OSCILLATOR 

OSCILLATOR * COMPARATOR FILTER 

VOLTAGE-
CONTROLLED 
OSCILLATOR 

1
 N ' 

FREQUENCY 
DIVIDER 

(COUNTER) 

fig. 1. Basic phase-locked frequency synthe-
sizer. The frequency divider is a variable-
modulus, or programmable, counter. 

T h e vco f r e q u e n c y div ider is a vari-
able-modulus counter which can be pro-
grammed to divide by any factor be-
tween 1311 and 6591 in steps of 40 {i.e. 
1311, 1351, 1391, 1431, etc.). An 
examination of the discrete vco fre-
quencies to be synthesized will reveal 
that the largest common factor is 5 kHz, 
thereby establishing the reference fre-
quency. Steps of 200 kHz in the vco 
output are obtained by changing the 
counter modulus in steps of 40 (40 x 5 
kHz = 200 kHz). Since each vco fre-
quency ends in 5, the least significant 
digit in the number by which the vco 
frequency must be divided to yield 5 
kHz will always be 1. Therefore the first 
counter always provides a 1-count. The 
three remaining counters are pro-
grammed by the front-panel frequency-

f()i/T 
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control switches and establish the first 
three digits of the frequency divisor. 

Preselected binary-coded-decimal 
(BCD) outputs from each counter, plus 
the output from the Schmitt trigger, are 
fed to a decoder circuit, which produces 

Trimmer capacitor C3, in series with the 
crystal, permits adjustment of the 
crystal frequency. The output of the 
oscillator is shaped and buffered by a 
third gate, U1C. 

The 100-kHz signal is divided down 

i i i i i i 
6 6 6 

"TENS" "UNITS" "TENTHS" 

FREQUENCY -MHz 

fig. 2. Block diagram of the Collins 7SS hfo frequency synthesizer. The only tuning controls are the 
front-panel TENS, UNITS, and T E N T H S rotary switches. 

the divided-down vco signal applied to 
the phase comparator. The decoder also 
resets the counters (actually this is its 
primary function), but that signal path 
has been omitted from fig. 2 because it 
is not pertinent to overall signal flow. 
Details of the counter and decoder func-
tions will be explained in greater detail 
under their circuit descriptions. 

reference oscillator and phase 
comparator 

The 100-kHz reference oscillator and 
its frequency dividers, the phase com-
parator, and the loop filter are shown in 
fig. 3. The reference oscillator consists 
of gates U1A and U1B, two sections of 
an MC846P quad 2-input NAND gate. 
The gates are configured as a multi-
vibrator and the 100-kHz signal is devel-
oped by connecting crystal Y1 as part 
of the signal path between the gates. 

to 10 kHz by U2, a 7490 decade coun-
ter. The output of the 7490 is then 
divided by two by one flip-flop in U3, a 
7474 dual D-type flip-flop, resulting in 
the 5-kHz reference which is applied to 
pin 3 of phase comparator U4. 

The phase comparator comprises U4, 
another 7474 dual D-type flip-flop, and 
the remaining gate section of U1. It 
compares the phase difference between 
the 5-kHz reference and the vco fre-
quency divided by the counter modulus 
( f v c o /N), and produces a digital pulse 
output whose duty cycle is a function 
of the phase difference. This digital out-
put is partially filtered by R3 and C6 to 
a sawtooth which is applied to the in-
verting input of U5. 

U5 is an LM3900 quad op amp, one 
amplifier section of which is used as the 
active element in the loop filter. It 
attenuates the ac components of the sig-
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nal f rom the phase comparator and 
thereby produces a dc ou tput which 
varies in accordance wi th the phase dif-
ference between the inputs to the corn-

wi l l be improved.) Addi t ional attenua-
t ion of harmonics of the reference fre-
quency is accomplished by R22, R34, 
C18 and C38 in the vco (fig. 4). 

r>6 R7 
45.3k 45.3* 1* _ 1* 

IOOO 5% 
CONTROL VOLTAGE 
TO CIT ON VCO (FIG. 4J 

m rrr 
fig. 3. Schematic of the crystal oscillator and its frequency dividers, the phase comparator, and the 
loop filter, Integrated circuits are listed in table 1 (page 20). C7 must be a polycarbonate- or polyester-
film type capacitor. 

parator. The gain of the loop f i l ter, its 
frequency response, and the loop lock-
up t ime are determined by the values of 
R3, R4, R5 and C7 2 - 3 . 

Addi t ional f i l tering of the 5-kHz 
loop reference frequency is needed t o 
prevent modulat ion of the vco, which 
would produce spurious sidebands on 
both sides of the desired frequency. A 
p a r a l l e l - T f i l t e r , consisting of R6 
through R8 and C9 through C11, pro-
vides a min imum of 35 dB attenuation 
at 5 kHz. (This figure is based on worst-
case condit ions using five-percent capac-
itors. If two- or one-percent capacitors 
are used, or the capacitors are selected 
by bridge measurement, the attenuation 

voltage-controlled oscillator 
The vco is bui l t as a separate, 

shielded unit to eliminate stray pick-up 
f rom the digital circuits and from ac 
fields. The oscillator consists of Q1, an 
E300 (or equivalent) n-channel fet, in a 
Colpitts circuit w i th varactor CR25 con-
nected in series w i th C38 across the 
tank circuit . The varactor is a Motorola 
MV1401 and has a ratio of maximum-
to-min imum capacitance of approxi-
mately ten, as compared to usual ratios 
of two to four for conventional varac-
tors. ( I t also happens to be the most 
expensive single component in the en-
t i r e synthesizer.) Despite the large 
capacitance ratio, the oscillator cannot 
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cover the entire range of 6.555 to 
32.955 MHz without switching. This is 
accomplished by diode switching, using 
switch section S3-D of the tens divider 
switch (fig. 5). 

In the zero position of the tens 
switch, diodes CR26 and CR27 do not 
conduct, so coils L1 and L2 are each 
effectively in series with a 33-juH choke 
(L4 and L5) to ground. The high value 
of this inductance has only stray effect 
on the circuit; thus the oscillator fre-
quency is essentially determined by coil 
L3 and the tank-circuit capacitance. 
When the tens switch is set to position 1 
or 2, one of the diodes is biased into 

The oscillator output is taken from 
the source of Q1 and coupled to the 
base of amplifier Q2. The amplifier, a 
type 2N2219 npn transistor, is a broad-
band stage which feeds the hf oscillator 
circuit in the receiver through an isolat-
ing 5-dB L-pad, R27 and R28. Also 
applied to the output circuit is the 
+12-volt power supply, which is de-
coupled from the vco signal by rf choke 
L8 in series with current-limiting resis-
tor R32. This dc source is used to actu-
ate a sensitive relay in the receiver, as 
will be explained later. 

The output of Q2 is also coupled to 
Q3, an n-channel fet configured as a 

(FIG. 5) 

fig. 4. Schematic of the vco. See tabfe 1 for coif-winding data and descriptions of parts not identified 
on the schematic. 

forward conduction and brings the low 
end of the associated coil close to rf 
ground, shunting L3 and thereby lower-
ing the tank-circuit inductance. Resistor 
R21 in series with the switch arm limits 
diode current to a safe value. 

source follower. The source load is 
made up of two resistors, R30 and R31, 
which form a 6-dB L-pad in the output. 
The source follower drives the Schmitt 
trigger in the digital portion of the 
synthesizer and, with the L-pad, keeps 
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fig. 5. Schematic of the vco fre-
quency divider. Letters within cir-
cled terminals correspond to pads 
on the main PC board, to which 
the switches are wired. A l l parts 
below the terminals are mounted 
separately f rom the PC board. 
Integrated circuits are described 
in table 1. 



any digital signals from feeding back in-
to the vco. 

frequency divider 

Fig. 5 shows the vco frequency 
divider and its associated front-panel 
switches. Note the use of the word 
divider in its singular form; the counters 
used in the divider circuit function as an 
integral circuit (no pun intended), 
rather than as separate divider stages 
such as are used to divide the 100-kHz 
crystal frequency down to 5 kHz. Be-
cause this is quite different from the 
usual frequency multiplier or divider 
stages familiar to most amateurs, as 
evidenced by the many inquiries re-
ceived following publication of the R-4 
synthesizer article1, ft seems appropri-
ate at this point to explain the opera-
tion of a typical variable-modulus, or 
programmable, counter. 

Let us consider a basic two-stage fre-
quency divider, as shown in fig. 6. Each 
of the counters is a decade counter, that 
is, a counter which produces one output 
pulse for every ten input clock pulses. 
However, each counter is presettable, 
which means that its count may be pro-
grammed or modified by setting its data 
inputs ( D A , D b D c , and D d ) either high 
or low. The data-input subscripts indi-
cate the binary weighting assigned to 
each input: A=1, B=2, C=4, and D=8. 
There is also a fifth data terminal, D s ; 
this is the data-enable input, which must 
be set prior to and during the interval 
that the data inputs are applied. In the 
simplified circuit shown, we will assume 
that D s must be set high to enable the 
data inputs. 

Conventional digital terminology des-
ignates the first pulse in a pulse train as 
0, so that the tenth pulse, which pro-
duces an output from a decade counter, 
is therefore designated number 9. The 
total number of clock pulses, N m a x , 
which can be counted before an output 

is produced from a ripple-through coun-
ter (another name for the circuit shown 
in fig. 6) is 

N, max Nj X N2 X . . . Nn 

where N t is the modulus of the first 
counter, N2 is the modulus of the sec-
ond counter, and so on. Since each 
counter in fig. 6 has a modulus of 10, 
N m a x ~ 100. But remember that this 
will be clock pulse 99, since we start 
with pulse 0. 

CLOCK 

Os 
DECADE 

CI COUNTER OUT 
NO. 1 

D a % 

3 
DS 

DECADE 
CL COUNTER OUT CL 

NO. 2 
OUT 

0A 
D„ DC 

°0 

fig. 6. Basic variable-modulus counter. 

Now let's assume that we want the 
circuit of fig. 6 to divide the clock fre-
quency by 25. If the counters are up-
counters (as are all those used in this 
synthesizer), their data inputs must be 
preset with the nines' complement of 
the desired divisor. (Nines' complement 
simply means the difference between 
nine and the desired count.) The preset 
data to be entered, N p , is determined 
by the equation 

KD = (Nmax-1)-D 

where D is the frequency divisor. Since 
NmgX is 100 for our circuit, 

Nd = (100- 1)- 25 * 74. 

The least significant, or units, digit 
corresponds to the count of the first 
counter, since it is counting unit clock 
pulses; the most significant, or tens, dig-
it corresponds to the count of the sec-
ond counter because it is counting tens 

december 1975 B 3 15 



of clock pulses. Therefore counter num-
ber 1 must be preset with a 4, and coun-
ter number 2 must be preset with a 7. 
To do this, D c (having a binary weight 
of 4) of counter number 1 is set high 
and all other data inputs are set low. On 
counter number 2, D A , D B and D c are 
set high (binary weighting: 1 + 2 + 4 = 
7) and D d is set low. What we have 
done is to preset the counters so that 
each is in the state which would exist 
following the clock pulse having the 
same number as the preset data. Since 
counter number 1 has been preset with 
a 4, it will produce an output after five 
clock pulses have occurred (correspond-
ing to the 5 in the desired divisor of 25). 
Thereafter, the first counter will count 
by ten until D s is set high by the output 
of counter number 2. Similarly, because 
counter number 2 has been preset with 
a 7, it will produce an output after it 
has counted two pulses from the first 
counter, completing the count of 25. 
This output is applied to the D s inputs 
of both counters and re-enables the data 
inputs, starting the count over. 

If we analyze the operation of the 
counters, we can see that by presetting 
the first counter with a 4, the elapsed 
time between clock pulse 0 and clock 
pulse 9 was shortened by four clock-
pulse intervals. In the same way, by pre-
setting counter number 2 with a 7, the 
elapsed time between clock pulse 9 (the 
first output pulse from the first coun-
ter) and clock pulse 99 (Nm a x ) was 
shortened by 7 times 10 clock-pulse 
intervals.. Assuming a clock frequency 

fc, with a period tc, 

tout = 99tc ~ 4tc - 7(10tc) = 25tc 

and 
r = = = 

} o u t tout 25tc 25 

The preceding analysis may be ex-
tended to any number of cascaded 
counters and to hexadecimal as well as 
decade counters. However, actual opera-

tion will be limited by the propagation 
delays through the counters and the set-
up times required for the data inputs. 
As previously stated, the D s inputs 
must be enabled before and during the 
time period that the preset data are 
entered. Since the preset data are dc 
levels, it follows conversely that they 
are entered shortly after the generation 
of the output pulse, which is applied to 
the D s inputs. If the clock frequency is 
too high, the counters may toggle but 
too much time may elapse, because of 
propagation delays, between the output 
pulse following the terminal clock pulse 
(equivalent to pulse 99 in our basic cir-
cuit) and the arrival of the next clock 
pulse (pulse 0). This will prevent the 
data inputs from being enabled prior to 
the arrival of clock pulse 0, and will re-
sult in an erroneous count. 

Another problem which often 
arises when using a circuit similar to 
that of fig. 6 is caused by the short 
duration of the output pulse. The out-
put pulse from counters which are used 
in these circuits has the same width as 
the clock pulse. Thus the output pulse 
of counter number 1 is the same as the 
clock pulse (although with greater time 
intervals between pulses), and since 
counter number 2 is toggled by the out-
put of counter number 1, its output 
pulse width will also be the same as the 
clock-pulse width. Furthermore, as soon 
as the output pulse resets the data-
enable inputs, both counters resume 
their preset state and the output pulse 
disappears. This condition, along with 
the narrow pulse width, may not permit 
the data inputs to be enabled for the 
minimum time which is required by the 
counter. 

The propagation delay may be mini-
mized by decoding the BCD outputs of 
the counters. These outputs have the 
same binary weighting as the corres-
ponding data inputs. Thus when the 
terminal condition of 99 is reached in 
fig. 7, outputs A and D of each counter 
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will go high, causing the output of the 
A N D gate to go high and enable the 
data inputs. The advantage of this cir-
cuit lies in the reduction in the delay 
time between clock pulse 99 and the 
D s enabling pulse. In fig. 6, the delay is 
equal to the propagation delay through 
the two counters, or through a total of 
eight flip-flops. In fig. 7, the delay is 
equal to the propagation delay through 
only one flip-flop (flip-flop A in counter 
number 1) plus that of the gate. This 
occurs because at clock pulse 98, out-
puts A and D of counter number 2 are 
high, as is the D output of counter num-
ber 1. Clock pulse 99 needs to propa-
gate only through the first flip-flop in 
counter number 1 to cause output A to 
go high, resulting in the required ena-
bling output from the gate. 

DATA DATA 
SWITCHES SWITCHES 

fig. 7. Basic variable-modulus counter wi th de-
coded outputs. 

This technique of decoding may be 
used in various circuit configurations. In 
many cases, it may be necessary to de-
code outputs which are other than those 
of the terminal count in order to enable 
the data inputs before the arrival of 
clock pulse 0. It may also be necessary 
to utilize flip-flops in addition to the 
decoding gate in order to enable the 
D s inputs with a pulse whose width is 
greater than the clock-pulse width. This 
may result in some preset factors being 
unusuable, but rarely are all moduli of a 
variable-modulus counter utilized. 

Returning now to fig. 5, we see that 

•he vco frequency divider is a four-stage 
variable-modulus counter comprising 
U6, a 74S196 or 82S90 presettable 
decade counter, and U7 through U9, 
each a 74196 or 8290 presettable 
decade counter. The signal from source 
follower Q3 in the vco is converted to 
T T L level by U11A, one section of a 
7404 hex inverter. The inverter func-
tions as a Schmitt trigger by virtue of 
the connection of R9 between the input 
and output. Additional shaping is pro-
vided by U11B, and the resultant out-
put clocks counter U6 and both flip-
flops in U12. 

As stated previously, only the counts 
of the last three counters in the chain 
need be varied, since U6 provides a 
fixed count. The counts are controlled 
by tenths switch S1, units switch S2, 
and tens switch S3. Fig. 5 shows the 
switches set for a receiver frequency of 
4.2 MHz; the corresponding vco fre-
quency is therefore 7.355 MHz. Since 
the reference frequency is 5 kHz, the 
vco frequency must be divided by 1471. 
U6 provides the least significant count 
of 1. The next significant count of 7 
results from setting the data inputs of 
U7 to the nines' complement of 7, or 2. 
It can be seen that +5 volts are applied 
to pin 10 (input D B ) through S1-A, 
while the remaining data inputs are 
either grounded directly or are pulled 
low by resistors R11 and R12. Simi-
larly, it can be seen that U8 provides a 
count of 4, and U9 a count of 1 for the 
most significant digit. 

The complexity of the switching cir-
cuits is the result of labelling the 
switches so that they indicate the low 
end of the receiver's 200-kHz tuning 
range, rather than the dividing count or 
the vco frequency. Steering diodes CR1 
through CR24, in conjunction with the 
switches, route the 5-volt supply to the 
appropriate data inputs. 

The BCD outputs of the counters are 
decoded in U10, a 7430 8-input N A N D 
gate, the output of which is inverted by 
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U11C and applied to pin 3 of U12, a 
74S112 dual J-K fl ip-f lop. Both flip-
flops are used to re-enable the counters 
and require three clock pulses after pin 
3 is set high by U11C. This means that 
instead of decoding when the BCD out-
puts of the counters total 9999, decod-
ing should take place when the BCD 
outputs total 9996, so that the data in-
puts of the counters are enabled three 
clock pulses later, immediately follow-
ing the terminal BCD state of 9999. 
H o w e v e r , I found it necessary to 
shorten the propagation time between 
the terminal clock pulse and the last-
occurring input to U10, and therefore 
chose to decode a count of 9995. (Note 
that the A and C outputs f rom U6 pro-
vide the least significant digit of 5.) 
Since this re-enables the data inputs one 
clock pulse early, the extra clock pulse 
is accounted for by presetting U6 for a 
count of 2, which keeps the least signifi-
cant digit in the frequency divisor at 1. 

Because the preset enabling pulse for 
the counters must be low, the G output 
from pin 7 of the second f l ip- f lop in 
U12 is used. The complementary Q out-
put f rom pin 9 is applied to the phase 
comparator for comparison wi th the ref-
erence frequency. 

power supply 
The synthesizer draws approximately 

425 mA from its power supply, which is 
shown in fig. 8 along with the intercon-
nections of the main pc board and the 
vco unit. 

Fu l l -wave bridge rectifier CR29 
through CR32 is supplied f rom T1, a 
16-volt, 0.5-ampere transformer. The 
12-volt supply for op amp U5 on the 
main board and for the vco is obtained 
from the output of U13, a fixed 12-volt 
regulator. The drop to regulated 5 volts 
for the logic circuitry takes place in 
U14, a similar 5-volt regulator. LED 
CR33, connected to the 5-volt supply 
through current-limiting resistor R35, 
serves as a pilot light. 

construction 
Most of the parts comprising the 

syn thes ize r are mounted on two 
printed-circuit boards, the main board 
and the vco board. The large main board 
contains all of the digital circuits and 
the phase detector, while the entire vco, 
except for the feedthroughs and output 
connector, is built on the separate vco 
board. Figs. 9 through 12 show the 
foi l patterns and parts locations for the 
two boards*. 

The interior photograph shows the 
construction of the prototype unit, 
which is enclosed in a steel ut i l i ty box 
m e a s u r i n g 1 0 x 1 0 x 3 - 1 / 2 inches 
(25.4x25.4x8.9 cm). It is imperative 
that a steel enclosure be used because of 
the strong magnetic field around the re-
ceiver caused by the power transformer. 
The phase-detector circuit and the vco 
in the synthesizer are extremely sensi-
tive to ac fields, and when the unit was 
first enclosed in an aluminum box, it 
was impossible to eliminate a 60-Hz 
hum on received signals except when 
the synthesizer was placed directly in 
front of the receiver. Since this is hardly 
consistent wi th good "human engineer-
ing" practice, the aluminum housing 
was discarded and a steel box was sub-
stituted. 

An enclosure was intentionally selec-
ted which was larger than might be ex-
pected, because of the sensitivity of the 
synthesizer to stray fields. This proved 
to be a wise choice (sometimes you luck 
out!) , since the physical placement of 
the power transformer within the box 
became the next problem. Rather than 
fool around with compartment shield-
ing, I mounted the transformer, recti-
fiers, and filter capacitor on a small 
piece of sheet steel. The steel shields the 
rest of the unit f rom the transformer 

* A set of two drilled and plated boards is 
available from the author for $14.50, postpaid 
in the U.S.A. Questions will be answered if 
accompanied by a self-addressed, stamped 
envelope. 
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field when the power supply assembly is 
positioned so that the steel plate is verti-
cal and the transformer is on the side 
away from the main board. 

Even with the arrangement des-
cribed, the placement of the power 
supply assembly is critical. I suggest that 
the assembly be mounted temporarily. 

left-hand wall of the enclosure, wi th 
their pins extending into the interior. 
Apply a thin layer of silicone heat-
transfer compound between the regula-
tors and the housing to aid in dissipating 
heat. 

The three rotary switches, the power 
switch, and the LED pilot tight are 

NOTE 

NOTES I. GROUND COAX SHIELD 
ONLY AT VCO END. 

2 aftooNo coax SHIELD 
ONLV a r JI ON VCO 

3 -=ir DENOTES CHASSIS 
CkoUND 

OUTPUT 
\ CONNECTOR 

ON CABINET 

fig. 8. Schematic of the power supply and interconnections of the assemblies comprising the synthe-
sizer. Diodes and integrated circuits are described in table 1. 

with long leads, when the unit is con-
structed. Then after all adjustments 
have been made and the synthesizer is 
functioning, the final location can be 
determined by moving the assembly 
around until any hum on a received sig-
nal disappears. You may find that mov-
ing it one way or the other by as little as 
a half-inch (7 cm) may make a big dif-
ference. 

On the other hand, this problem can 
be eliminated, and a smaller cabinet 
used, if the power supply is made a 
separate unit and connected to the 
synthesizer proper by means of a cable. 
The choice is yours. 

The two voltage regulators (U13 and 
U14) are mounted on the outside of the 

mounted on the front panel. On the rear 
is the coax output connector. Four rub-
ber bumpers are mounted on the bot-
tom to prevent scratches from the hard-
ware which fastens the parts to the 
enclosure. 

When assembling the parts on the 
main PC board, a socket or Molex pins 
should be installed at U11 for the inte-
grated circuit. It may be necessary to 
select a 7404, since its upper frequency 
limit is being pushed. But at the current 
price of 25 to 35 cents each, it is much 
more economical to buy three or four 
than to buy the devices which would be 
requ i red fo r a more sophisticated 
Schmitt trigger. More about this later. 

The main board is connected to the 
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frequency-control switches f rom 20 
pads, designated A through V , along the 
front of the board, as shown in fig. 5. 
T h e remainder of the connections 
appear in fig. 8. Al l connecting leads to 
and from the board should be soldered 
in place on the board before connecting 
the other ends. Leave plenty of wire on 
each lead to make the connections to 
the parts which are not on the board so 
that if any troubleshooting must be 
done it will not be necessary to unsolder 
the wires. Shielded wiring is made with 
RG-174/U coax. A i l wiring, except for 
that between the " V C O " pad and E1 on 
the vco, carries dc only, making lead 
length noncritical. The board is mounted 
on four standoff posts; in order to pre-
vent ground loops, three of the four 
should be non-metallic or should be 
insulated from the ground plane on the 
board, so that on ly a single metallic post 
grounds the main board to the cabinet. 

The vco printed-circuit board is en-
c lo sed in a 2-1/8x2-5/8x2-3/4 inch 
(5.4x6.7x7 cm) mini-box. Feedthrough 
terminal E l and feedthrough capacitors 
C17, C23, C 2 4 and C 3 3 are mounted on 
one side of the box, and J1 is placed on 
one end, corresponding to the leads 
designated in fig. 12. Use solder lugs 
under the outsides of the feedthrough 
capacitors which are to have shielded 
leads attached. The PC board is fastened 
to the side of the box on which the 
feedthroughs are mounted by means of 
small right-angle brackets which are 
soldered to the ground plane of the 
board. The feedthroughs and J1 are 
then connected to the appropriate pads 
on the board, using short lengths of bare 
wire. 

The vco mini-box must be mounted 
so that there is only a single return to 
c ommon ground, in order to prevent 
ground loops. When mount ing the vco, 

table 1. Semiconductor and miscellaneous parts list. 

C R 1 - C R 2 4 1 N 3 4 A , 1 N 1 0 0 , 1 N 2 7 0 or 

equivalent ge rman ium d iode 

C R 2 5 Moto ro la M V 1 4 0 1 varactor 

C R 2 6 . C R 2 7 X N 6 5 8 

C R 2 8 1 N 9 1 4 or 1 N 4 1 4 8 

C R 2 9 - C R 3 2 1 N 4 0 0 1 or equivalent 5 0 PI V, 1 

amp silicon rectifier 

C R 33 H e w l e t t - P a c k a r d 5 0 8 2 - 4 8 8 2 , 
M o t o r o l a M L E D 6 5 5 , Rad io 
Shack 2 7 6 - 0 4 1 or equivalent 
light-emitting d iode 

E l insulated feedthrough terminal 

L I 5-3/4 turns no. 28, c l o sewound 
on 0 . 2 1 1 " ( 5 .5mm) diameter 
s l u g - t u n e d form ( M i l l er 
25 A 0 1 4 - 4 ) 

L 2 10-3/4 turns no. 28, c l o sewound 
o n 0 . 2 1 1 " ( 5 . 5mm) diameter 
s l u g - t u n e d f o r m ( M i l l e r 
25 A 0 1 4 - 3 ) 

L 3 20 turns no. 30, c l o s ewound o n 
0 . 2 1 1 " ( 5 .5mm) diameter slug-
tuned f o r m (Miller 2 5 A 0 1 4 - 3 ) 

Q 1 S i l i c o n i x E 3 0 0 , 2 N 5 3 9 7 or 
2 N 5 3 9 8 

Q 2 2 N 2 2 1 9 

Q 3 2 N 5 4 5 8 , 2 N 5 4 5 9 or Moto ro la 
M P F 1 0 3 

5 1 2-pole, 5-pos i t ion, non-short lng 
rotary switch 

52 3 - p o l e , 1 0 - p o s i t i o n , n o n -
short ing rotary switch 

5 3 4-pole, 3-pos it ion, non-short ing 
rotary switch 

U 1 Motoro la M C 8 4 6 P quad 2- input 
N A N D gate 

U 2 7 4 9 0 decade counter 

U 3 . U 4 7 4 7 4 dual D - type fMp-ffop 

U5 National L M 3 9 0 0 quad op a m p 

U 6 7 4 S 1 9 6 or S ignet ics 8 2 S 9 0 pre-

settable decade counter 

U 7 , U 8 , U 9 7 4 1 9 6 or S ignet ics 8 2 9 0 preset-

table decade counter 

U 1 0 7 4 3 0 8- input N A N D gate 

U l l 7 4 0 4 hex inverter (see text) 

U 1 2 7 4 S 1 1 2 dual J -K f l ip-f lop 

U 1 3 7 8 12 or Nat ional L M 3 4 0 - 1 2 

12-volt regulator 
U 1 4 7 8 0 5 , Nat ional L M 3 4 0 - 5 or 

L M 3 0 9 K 5-volt regulator 
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fig. 9. Foi l pattern of the main printed-circuit board. 
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be sure to position it so that the feed-
throughs are close to the side of the 
main PC board on which are located the 
pads designated " V A R " and " V C O . " 
The lead between E1 on the vco and the 

will probably have little detrimental 
affect}. The cable between the synthe-
sizer and the receiver must be the 95-
ohm type or 93-ohm RG-62/U. 

The power transformer should sup-

Interior of the assembled synthesizer. The power supply components are located to the left of the 
main PC board (top). The vco is mounted on the rear wall Just above the main board {bottom right). 
Note the holes in the vco enclosure which provide access to the tuning slugs of the coils mounted on 
the vco board inside. 

" V C O " pad on the main board should 
not be more than 3 or 4 inches (7.5 or 
10 cm) long. The shields of the leads 
going to capacitors C17, C23 and C24 
are grounded to the solder lugs under 
those capacitors. 

The coax between J1 and the output 
connector on the rear of the cabinet 
should be 95-ohm type, such as 
RG-180/U or RG-195/U (although using 
a very short piece of 50-ohm RG-174/U 

ply 16 to 17 volts ac at approximately 
0.5 ampere. Any higher voltage only re-
sults in greater heat dissipation in regu-
lator U13. The method by which this 
voltage can be obtained by modifying 
an i nexpens ive 24-volt transformer is 
described in reference 1. 

The numbered positions on the 
rotary switch knobs were made by using 
number transfers on the skirts of the 
knobs. Several heavy coats of Krylon 
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fig. 10. Location of parts on the main printed-circuit board. 

fixative were sprayed on to keep the 
numbers from peeling off. The panel 
markings can be applied in the same 
manner. If you are fortunate enough to 

have access to a Selectric Composer, or 
even a good electric typewriter, the 
panel labeling can be typed on frisket, 
which is an adhesive-backed translucent 
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acetate. The material is virtually invisi-
ble when applied to a grey panel, against 
which the black type effectively con-
trasts. Frisket is available at art-supply 
dealers. 

receiver modifications 
At the beginning of the article, I indi-

cated that only minor modifications had 
to be made to the receiver; these are 
shown in fig. 13. The synthesized 
crystal frequency is introduced into the 
receiver via the spare jack on the rear 
apron. The added components must be 
placed close to the oscillator-mixer (V3) 
tube socket, and the shielded connec-
tion to the spare jack made with 93- or 
95- ohm coax, e.g. RG-62/U, RG-180/U 
or RG-195/U. 

The existing coax lead in the receiver 
between bandswitch S1 and pin 2 of V3 
is disconnected from V3 and rewired to 
the added relay. This relay may be a 
reed or "crystal can" type; its coil resis-
tance must be at least 500 ohms in 
order to minimize the voltage drop 
across R32 in the vco. 

When the synthesizer is off or is dis-
connected f rom the receiver, the 
normally-closed relay contacts complete 
the circuit between S1 and V3, allowing 
the receiver to function as if no changes 
had been made. When the synthesizer is 
turned on, the relay is energized by the 
12-volt supply in the vco through R32 
and L8 (see fig. 4), disconnecting the 
crystals and applying the synthesized 
crystal signal to the control grid (pin 2) 
of the oscillator section of V3. The 
56-MH choke at the relay coil isolates it 
from the rf signal path. 

A new preselector scale may be 
added to the receiver so that you don't 
have to consult or memorize the pre-
selector chart in the manual. Fig. 14 is a 
full-scale reproduction of the new pre-
selector scale and may be cut out, or 
photocopied if you prefer not to muti-
late the magazine. 

Remove the preselector knob and 

pointer and attach the scale to the front 
panel of the receiver, using either a spot 
of rubber cement or a small piece of 
double-sided sticky-back tape in each 
corner. The scale shows the approxi-
mate settings of the preselector control; 
the letter ,at the end of each scale seg-
ment indicates the bandswitch position 
to be used. 

Construction of the vco sub-chassis. Inductors 
L I , L2 and L3 are at left. Output connector is 
at right. Feedthrough capacitors and input 
connector are on rear panel. All other compo-
nents are mounted on the printed-circuit 
board at bottom. 

alignment and test 
After all wiring and connections have 

been checked and rechecked, the 
synthesizer is ready for the few adjust-
ments necessary to set the vco on fre-
quency. The only test equipment abso-
lutely necessary is an electronic volt-
meter, although a frequency counter 
and oscilloscope can be helpful. 

Apply power to the synthesizer and 

24 QB december 1975 



check the supply voltages to make sure 
that they are within five percent of the 
nominal values. Then make sure the 
reference oscillator is working by bring-
ing a lead from the receiver antenna jack 
close to the crystal. Harmonics of the 
100-kHz oscillator should be heard in 
the receiver. The oscillator may also be 
checked with a scope; 100-kHz square 
waves should be observed at pin 3 of 
U1, and 5-kHz square waves should be 
present at pin 9 of U3. If the oscillator 
is not working, adjust trimmer capacitor 
C3, although it is not necessary for the 
crystal to be oscillating at exactly 100 
kHz at this time. 

Connect an electronic voltmeter be-
tween ground and feedthrough capaci-
tor C17 on the vco. Set the rotary 
switches to 9.8 MHz and adjust the tun-
ing slug of L3 until a meter reading of 
10 volts is obtained. Rotate the units 
switch toward zero, noting that the volt-
meter reading drops with each change in 
the switch setting until position 3 is 
reached. Then rotate the tenths switch 
to zero, noting that the voltage con-
tinues to drop. (Actually, any switch 
setting below 3.4 MHz is invalid, since it 
is below the tuning range of the receiver 
preselector.) A frequency counter con-
nected to the output of the synthesizer 
should indicate approximately 12.955 
MHz with the frequency switches set to 
9.8 MHz, and 6.155 MHz with the 
switches set to 3.0 MHz. The exact fre-
quencies will be obtained only if the 
crystal is set to exactly 100 kHz, which 
adjustment is not made until the vco is 
aligned. 

Next, set the rotary switches for a 
frequency of 19.8 MHz, and adjust the 
slug in L2 for a voltmeter reading of 
approximately 10 volts. Do not touch 
the slug in L3. Again turn the units 
switch toward zero and note that the 
voltage drops at each switch position, 
including position 0. Turn the tenths 
switch to 0 and make sure that the volt-
age also decreases with each step, A 

counter should indicate about 13.155 
MHz and 22.955 MHz respectively for 
the minimum and maximum units and 
tenths switch settings. 

Finally, set the rotary switches for a 
frequency of 29.8 MHz and adjust L1 as 
described in the preceding adjustment. 
The frequency range of the vco with the 
tens switch in position 2 is 23.155 to 
32.955 MHz. If you find that it is not 

fig. 11. Foil pattern pf the vco printed^circuit 

board. 

possible to obtain a 10-volt reading on 
the voltmeter at switch settings of 29.8 
MHz, but that at some lower frequency 
the loop starts to lock up (as indicated 
by incremental changes in the voltage as 
the tenths or units switch positions are 
changed), you must change U11, I tried 
four 7404 hex inverters in the circuit; 
two worked at the highest frequency 
and two quit at about the 26'MHz 
switch settings, Thus there is every 
probability of getting at least one 
better-than-average IC out of three or 
four, 

Connect the synthesizer output tp 
the spare jack on the receiver, using a 
cable made from 93' or 95 ohm coax, 
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Turn on the receiver and synthesizer 
and set the synthesizer switches to one 
of the WWV frequencies suitable for 
good reception. Set the receiver band-
switch and preselector control to the 
settings specified for the frequency 
selected. WWV should be heard when 

the receiver is tuned to zero. Then allow 
the synthesizer and receiver to warm up 
for about a half-hour. 

Wrap a few turns of one end of an 
insulated wire around V2 in the receiver 
and bring the other end close to the 
100-kHz crystal in the synthesizer. Care-
fully adjust the crystal trimmer capaci-
tor in the synthesizer to zero-beat with 
WWV. It may be necessary to retune the 
receiver slightly when doing this because 
changing the frequency of the crystal 
changes the synthesizer output fre-
quency, which is now the receiver hfo 
frequency. 

That completes the alignment - you 
now have a genera I-coverage receiver. 

Operating the receiver with the 
synthesizer involves no more than turn-

ing on the synthesizer and setting its 
switches to the desired frequency. Then 
set the receiver bandswitch and preselec-
tor control to the appropriate positions 
and tune. 

One minor difference will be noted 
when using the synthesizer. On the 

TO Jl 

10-meter band, the 200-kHz segments 
start at 28.0 MHz and progress in 
200-kHz increments so that you tune 
from 28.4 MHz, 28.6 MHz, etc. In other 
words, while each segment throughout 
the synthesizer range will start with an 
even tent/is digit, the crystals supplied 
with the receiver set the 10-meter seg-
ments at 28.5, 28.7, and 28.9 MHz. 

There is one precaution which may 
be necessary. Even with the prototype 
unit enclosed in a steel box, there was 
still a very small amount of 60-Hz pick-
up from the receiver transformer when 
the synthesizer was placed next to 
either side of the receiver. (The condi-
tion also exists with the synthesizer on 
top of the receiver, but this arrangement 
would block the heat convection flow 
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from the receiver and should not be 
used anyway.) Simply moving the 
synthesizer 3 to 4 inches (7.5 to 10 cm) 
away from either side eliminated the 
stray pick-up. It is entirely possible that 
this condition may not manifest itself 
with all receivers, and it will undoubt-
edly depend on the physical locations of 
the assemblies within the synthesizer 
cabinet. In any event, the synthesizer is 
still close enough to the receiver for 
convenient operation. 

conclusions 
The synthesizer satisfies all the re-

quirements necessary to make any 
Collins 75S a general-coverage receiver. 
Spurious signals are down a minimum of 
80 dB on all frequencies, and are down 
better than 90 dB on most. The major 
spurs appear 10 kHz either side of the 
incoming signal, and are caused by the 
second harmonic of the 5-kHz reference 
frequency. The reference frequency it-
self is weaker than the harmonic be-
cause of the attenuation provided by 
the parallel-T filter. Although the sup-
pression of the spurious sidebands was 
achieved at the expense of fast lock-up 
time, a one- or two-second lock-up is of 
little consequence, since it takes that 
long to move your hand from the 
synthesizer switches and tune the re-
ceiver. 

The synthesizer has not been used 
with a 75S receiver operating in trans-
ceive mode with a 32S transmitter, al-
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fig. 1 3. Wiring changes to be made to the Col-
lins 7SS receiver. Make sure that the relay will 
puli in when it is connected in series with a 
110-ohm resistor to a 12-volt dc supply. 

fig. 14. New receiver preselector scale for the 
Collins 75S receiver. 

though there is little reason to doubt 
that it will work. There should be suffi-
cient sideband attenuation to keep spur-
ious outputs from the transmitter at 
least 60 dB down. The only possibility 
of trouble might be rf getting back into 
the synthesizer from the transmitter, 
which would be simply a shielding prob-
lem. However, until and if new amateur 
bands are forthcoming, there is no rea-
son to use the synthesizer for trans-
mitting except possibly on part of the 
10-meter band. 
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100-watt 

linear amplifier 
for QRP rigs 

A compact 

rf amplifier 

for ultra low power 

amateur transmitters 

# cc 

c <u <u JC 
CO 
w 

To dispose of the first question apt to 
be asked - "Why add a linear amplifier 
to a QRP rig since it defeats the whole 
idea of QRP operation?" - I'd like to 
say that while 2 to 5 watts can do won-
ders during the day, night operation is a 
different story. The prevailing sunspot 
activity precludes the predictable propa-
gation conditions of 10 or 15 years ago, 
even on the 40- and 80-meter bands. A 
little boost to the output of a QRP rig 
means the difference between fun and 
drudgery during nighttime operation. 
When good conditions return, a linear 
amplifier probably won't be needed for 
low-power work. 

I built this amplifier to augment a 
homebrew rig that didn't live up to my 
expectations - the rig had only about 5 
watts output on ssb. The linear ampli-
fier described here should prove to be a 
useful adjunct to low-power trans-
mitters in the 2 to 10 watt range. 

*Route 2, Box €15, Brentwood, Calif. 94513. 
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circuit 
The schematic (fig. 1) is simple, 

effective, and uncluttered. A grounded-
grid, grounded screen circuit is used 
without the usual blower for tube cool-
ing. Any of the Eimac 4X or 4CX tubes 
will perform equally well. 

In the late 1950s, I witnessed some 
tests at Eimac that were run to see what 
these tubes would do without forced air 
cooling. The tests indicated that the 
tubes would dissipate 60 to 70 watts 
under key down operation — however, 
the tubes were mounted in the open, 
with no restriction to ambient air flow. 
Under intermittent operation, it appears 

•RFC 

40 UF 
450V 
4OhF 
450V 

30 mP 
450V 

II7 VAC 

fig. 1, Q R P linear schematic. Any of the 4X 

or 4CX series of tubes may be used. Up to SO 

watts dissipation is possible without a blower 

providing tube is mounted in the clear. 

that a tube of this family could safely 
dissipate at least 50 watts; perhaps a 
little more if cooling fins are provided. 
Again, the qualifier is: unrestricted air 
flow around the tube. A further advan-
tage is that the heater-cathode isolation 
in these tubes is excellent; no filament 
chokes are required at this power level. 

One other precaution should be ob-
served. Although the heater is rated at 
6.0 volts ±5%, it is recommended that 
6.0 volts be considered the upper limit. 
A 50-ohm, 10-watt resistor in series 
with the primary of a 6.3 Vac, 2.5 amp 
filament transformer should do the 
trick. The heater contributes a large part 
of the heat to be dissipated, and tube 
life is prolonged by keeping the heater 
voltage on the low side. 

A noninductive, 1-watt carbon resis-
tor (R1) of a few hundred ohms is pro-
vided for situations where excitation is 
excessive with no provision for reducing 
it. The resistor should be selected to 
obtain recommended operating condi-
tions. While this amplifier is a two-band 
affair for 80 and 40 meters, additional 
taps can, of course, be provided for 
other bands on the pi-net output coil. 

operating conditions 
The amplifier has a power gain of 

about ten with both grids grounded, so 
5 watts input should yield about 50 
watts output, with a plate current of 
100 mA and E„ at 1 kV. This current is 
100 mA as read on the meter in the CW 
mode. Although up to 150 mA can be 
obtained with 7 watts input on CW, it is 
recommended that the series grid resis-
tor be switched in to hold the plate cur-
rent to 100 mA on ssb or 150 mA On 
CW. As with any low duty cycle ampli-
fier, don't hold the key down longer 
than necessary. 

Static plate current (no drive) is 
about 10 mA. Linearity could be im-
proved by a higher idling current, but 
observations with a spectrum analyzer 
indicate that, with 10 mA static plate 
current, the bandwidth is entirely 
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acceptable, and reports have been uni-
versally good. 

construction 
A n aluminum chassis, 2x6x9 inches 

(5x15x23cm) in an L M B cabinet con-
structed with perforated aluminum for 
sides top and bottom, easily contains 
the amplifier with power supply. The 

Chassis layout. Power transformer (upper 
right) is a 50VA isolation transformer. Note 
air space around tube. 

L M B cabinet (model CO-2) measures 67a 
inches high by 10 inches deep by 13 
inches wide (16.5x25x33cm) excluding 
hood. The chassis was purposely selec-
ted to improve air circulation. The tube 
socket is mounted as close as possible to 
one rear corner, both for short leads 
from coax connectors and again to im-
prove cooling by air circulation over the 
chassis edge (see photo). 

Wh i l e the built-in screen bypass 
capacitor of the SK-600 socket is super-
fluous, open space around the tube pins 
permits air flow around the header 
(tube base). Old timers will remember 
that these tubes also fit in a (octal 
socket. A 4-inch (10.2cm) square piece 
of perforated aluminum with chassis 
cutout should also be suitable. 

The grid resistor shorting switch, if 
used, should be mounted close to the 
tube, which means a shaft extension. 
The rf chokes are ordinary garden-
variety 2 mH, 100 m A chokes with the 
exception of the plate choke; but even 
here, tests indicated that the smaller 
chokes should hold up. 

The 10-/iH pi-net coil (46 turns, 7/8 
inch [2.2cm] OD, 3 inches [7.6cm] 
long, air wound) is barely large enough 
to cover the low end of 80 meters and is 
tapped at slightly less than one-half for 
40 meters. The coil is mounted on the 
switch. A paralleled B C tuning capacitor 
suffices for the output. Additional fixed 
capacitance to total 1000 pF can be 
used, if necessary, for 80 meters. 

power supply 
A 50 -VA isolation transformer is 

used with 120 Vac input and 240 Vac 
output to a voltage tripler arrangement 
that provides the 1-kV plate supply. 
Inspection of recent catalogs indicates 
that 115/230 V primary, 115 V second-
ary transformers are about all that are 
available now (about $10), In this case, 
the secondary may be used for the pri-
mary with a slight loss in output voltage 
and regulation. The filter capacitors and 
diodes mount under the chassis, and 
since there isn't much else there, no 
under chassis photograph is provided. A 
separate heater transformer and switch 
are provided. The tube heater should be 
allowed to warm up at least a half min-
ute before applying plate voltage. Static 
plate current provides "bleeder" protec-
tion. 

summary 
This small linear compares favorably, 

both in size and performance, with com-
mercially built units of the same power 
class. It has held its own with other 
200-watt-plus units and has provided 
many solid contacts during the worst 
interference hours of the evening. 
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an 
introduction to 

microprocessors 
Microprocessors are probably the single, 
most exciting development in the entire 
field of electronics, and in this article, 
the first of a series on microprocessors, 
we would like briefly to compare them 
to programmable calculators for typical 
laboratory applications. 

The best description of what a micro-
processor is, and isn't, was given by 
Laurence Altman in a recent issue of 
Electronicsi1 "A microprocessor is not 
a computer but only part of one, To 
make a computer out of a microproces-
sor requires the addition of memory for 
its control program, plus input and out' 
put circuits to operate peripheral equip-
ment . . . What a microprocessor is, 
then, is the control and processing por-
tion of a small computer or micro-
computer. Moreover, it has come to 
mean the kind of processor that can be 
built with LSI mos or, more recently, 
bipolar circuitry, usually on one chip. 
Like all computer processors, micro-
processors can handle both arithmetic 
and logic data in bit-parallel fashion 
under control of a program, But they 
are distinguished both from a minicom-
puter processor by their use of LSI with 
its lower power and costs, and from 
other LSI devices (except calculator 
chips) by their programmable behavior." 

Thus, a microprocessor is not a 
totally self-contained computer-on-a-
chip, nor is it able to complete with and 
replace the central processing unit 
( C P U ) within a computer. Existing 
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microprocessor chips are simply much 
too slow for such applications. The 
niche that microprocessors will soon fill 
is in the creation of "smart" input/ 
output devices to a computer that re-
lieve the computer of the drudgery 
associated with the data acquisition 
from and the control of such devices. In 
other words, microprocessors will 
shortly become very important tools in 
computer interfacing, a trend that will 
accelerate as the price of microprocessor 
chips declines, as more individuals de-
velop the capability to handle such 
chips, and as more manufacturers incor-
porate such chips in laboratory instru* 
ments and other types of devices that 
communicate with computers, 

The advantages of interfacing with 
microprocessors are at least fourfold: 

1. Microprocessor communications are 
simple. The communications capability 
of a microprocessor system is a big 
point in its favor. Most such systems 
come with a built-in asynchronous serial 
port, and thus can communicate with 
teleprinters or with any device that also 
has an asynchronous serial port, The 
microprocessor is not inherently limited 
to only a single asynchronous port; it is 

*Mr, Larsen, Department of Chemistry, arid 
Dr, Rony, Department pf Chemical Engineer-
ing, arg with th§ Virginia Polytechnic Insti-
tute 3nc| St9te University, EJIacksburg, Vir-
ginia, Mr. Tittis is with Tychgn, Inc., Blgcks-
byrg, Virginia, 
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very easy to add more such ports and 
thus permit the microprocessor system 
to communicate serially with other 
external devices such as laboratory in-
struments that are interfaced with Ana-
log Devices' Serdex modules. 

Microprocessor systems have parallel 
input ports for inputs from various 
digital sensor instruments, including 
voltmeters, panel meters, frequency 
meters, and counters. Any type of dig-
ital circuit that can supply parallel dig-
ital data can be used in conjunction 
with a microprocessor system. 

2. Microprocessor systems are inexpen-
sive. Such systems currently range in 
price from several hundred dollars to 
several thousand dollars, depending up-
on the capability of the system. They 
are available from Intel, Prolog Corpora-
tion, E & L Instruments, Control Logic, 
and other companies. The number of 
manufacturers that offer microprocessor 
systems is increasing rapidly. 

3. Microprocessor systems are flexible 
and powerful. Microprocessors have the 
ability to make decisions. (Is an input 
value from a digital sensor too high or 
too low? If it is too high, then open a 
valve and release pressure on the system. 
If it is too low, then open another valve 
and add gas to the system.) 

Microprocessors use software to re-
place hardware; i.e., microprocessor pro-
grams replace complicated hard-wired 
random logic digital electronic circuits 
that perform a variety of functions, in-
cluding sequential logic, non-sequential 
logic, simple arithmetic calculations, 

This the first of a new series of articles 
on the subject of microprocessors which 
we will be presenting in future months. 
Material presented here is reprinted with 
permission from American Laboratory, 
June, 1975, copyright © International 
Scientific Communications, Inc., Fair-
field, Connecticut, 1975. 

and comparison of digital signals. Manu-
facturers of microprocessor systems pro-
vide you with both read/write memory, 
for temporary data and program stor-
age, and with read-only memory, which 
is easily programmed with the aid of a 
PROM programmer. Once you have 
written and tested a program using 
read/write memory that can acquire 
data and perform desired control opera-
tions, you can "burn" it into a program-
mable read-only memory (PROM) !C 
and then use that chip day after day to 
operate the microprocessor system. 

You never have to worry about a 
power failure causing your program to 
be erased. The program can remain in 
the PROM for up to twenty years; it is 
always available for reloading into a 
read/write memory. The program can be 
easily modif ied to accommodate 
changed data acquisition or control re-
quirements. You can develop a whole 
repertoire of PROM chips to accomplish 
different functions. 

4. Microprocessor systems are capable 
of handling most laboratory data acqui-
sition requirements. Current micropro-
cessor systems can acquire digital data 
at the rate of five hundred 16-bit words 
per second. Higher data acquisition rates 
are occasionally claimed by manufac-
turers, but they frequently overlook the 
real software overhead that is needed, 
for example, to input the data, check if 
the data are ready, and compare the 
data to make sure that they are within 
the right range of values. 

In the area of mathematical compu-
tations, microprocessors can perform in-
teger multiplications and divisions, i.e., 
3 times 4 or 5 divided by 7, with reason-
able accuracy. A floating-point package 
available with the 8-bit Intel micropro-
cessor allows you to perform additions, 
subtractions, multiplications, and divi-
sions over the range of ±10 3 2 to 
± 1 0 - 3 2 . This package requires four 
read-only memories, which means that 
1000 words of your microprocessor are 
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dedicated to the floating-point package. 
Execution times are slow, so you must 
worry about the following types of 
questions: Do you acquire a data point 
and then operate upon it and still have 
sufficient time to acquire the next data 
point? Or must you store a complete 
block of data and then operate upon the 
block as a whole? If you store a block 
of data, how much additional memory 
is required for the microprocessor? Fi-
nally, is the system sufficiently complex 
and expensive that it can be replaced by 
a minicomputer or programmable calcu-
lator? 

The strong point of the micropro-
cessor is that it can perform control 
functions quickly, easily, and inexpen-
sively. The microprocessor can turn de-
vices on and off. It can regulate physical 
parameters such as temperature, pres-
sure, velocity, and flow. Since it lacks 
special functions such as log, x y , sine, 
cosine, square root, hyperbolic sine, and 
hyperbolic cosine, it cannot perform 
sophisticated mathematical computa-
tions. This is one reason why many indi-
viduals are looking very seriously at pro-
grammable calculators, which start in 
the vicinity of $3000; are available from 
Wang, Tektronix, and Hewlett-Packard; 
and allow the user to program with 
complex functions such as sine, cosine, 
log, and x y - The programmable calcula-
tors, however, are not nearly as conven-
ient to use as microprocessors in the 
control of equipment and processes. 

As a final point, we would like to 
caution you about making any long-
term decisions concerning both micro-
processors and programmable calcula-
tors. The comments above apply to to-
day's technology, which is precisely 
what you can do today. The price/ 
performance ratio changes from day to 
day so that a decision that is valid today 
may not be the same one that would be 
proper in a month or a year from now; 
e.g., 8-bit bipolar microprocessors now 
available from Intel have cycle times of 
50 nanoseconds. This speed is a little bit 

difficult to precisely define for the user, 
but it represents probably a decade of 
improvement in overall microprocessor 
speed when compared to any micro-
processor available a year ago. 

If you can postpone your problem, 
you may find that you can solve it dif-
ferently and/or less expensively a year 
from now. Digital electronics is without 
doubt the fastest changing technological 
field today. You, as an amateur, engi-
neer or scientist, will be a major benefi-
ciary of the changes that are occurring. 
However, to take proper advantage of 
the new technology, you will have to 
spend some time learning the jargon and 
understanding the tradeoffs that can be 
made. 

Microprocessor equipment, if cared 
for properly, has an operational life of 
at least ten years but a functional life 
that may only be several years. A 
reasonable strategy would be to post-
pone the purchase of a microprocessor 
until the price/performance ratio justi-
fies a purchase, and then to go ahead 
and purchase a system with the know-
ledge that the same system will prob-
ably cost at least 20% less for the same 
performance a year later. We believe 
that not too much time will pass before 
all of us who are involved in research or 
manufacturing and depend upon instru-
mentation will have to take advantage 
of the power of microprocessors if we 
are to continue to have viable products 
or research programs. 

We recommend that you give careful 
consideration to the ability to interface 
newly acquired digital instruments to 
future ones that will come on the mar-
ket within the next several years. We 
emphasize again that the existence of 
asynchronous serial ports on your digi-
tal instruments will allow you to hedge 
your bets for the future. 
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squelch circuits 
for transistor 

radios 

Agc-activated squelch 

can easily 

be added 

to portable 

transistor radios 

Inexpensive transistorized portable 
radios can become excellent monitor re-
ceivers for vhf operators (a-m and fm) 
with the addition of one of the simple 
squelch circuits presented in this article. 
The squelch will get rid of the constant 
and fatiguing hash and noise usually put 
out under no-signal conditions, making 
the portable a much more useful and 
enjoyable radio to listen to. I have had 
much success in adding the circuits 
shown here to several portables. It 
should be possible to adapt this same 
basic approach to just about any exist-
ing portable receiver. 

A brief explanation of squelch cir-
cuitry seems appropriate at this point. 
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During no-signal conditions, the audio 
output of a receiver is random and un-
pleasant noise. When a signal is received, 
the gain of the receiver is reduced or 
limited by age action, and the level of 
noise output is reduced. The greater the 
signal strength, the lower the noise out-
put, and hence the term "receiver quiet-
ing/' By adding circuitry which detects 
the degree to which the receiver has 
been quieted, and by using this circuitry 
to mute or un-mute the audio output, 
squelch may be added to the receiver. 

Note, that with the squelch I have 
just described the operator may adjust 
the sensitivity of his receiver in terms of 
a minimum signal-to-noise ratio needed 
to produce an audio output signal. By 
making this signal-to-noise ratio suffi-
ciently high, the operator can be sure 
that whenever the receiver produces an 
audio output it will contain a signal of a 
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fig. t. A typical ratio detector found in many 
transistor radios. Age voltage may be taker 
from the (+) or ( - ) terminals. 
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fig. 2. The audio section of most portables will closely resemble the circuit shown here. Point A in 
Q2's emitter is a control point for muting the audio output. 

certain minimum readability. At first 
this might sound like intentionally re-
ducing the sensitivity of your receiver, 
but this is not so. With sophisticated cir-
cuits, the opening of the receiver 
squelch alerts the operator to the 
presence of marginal level signals that 
might otherwise have gone unnoticed in 
the noise. Unfortunately, these noise-
operated squelch circuits 
are somewhat complex, 
and they are beyond the 
scope of this article. 

Another method of 
producing squelch action 
is to make use of the age 
or other signal level de-
pendent voltages to con-
trol audio muting. The 
only drawback with this 
approach is that suffi-
ciently strong noise or in-
terference will also open 
the squelch. However, for 
the purpose intended here 
they work quite acceptably. 

detector 

ative voltages during signal conditions, 
either of which may be used for control 
of the audio muting. Generally, the 
audio section of a portable receiver will 
closely resemble the circuit of fig. 2. 
Audio from the detector is coupled to 
Q1, a preamplifier, (which is sometimes 
omitted in inexpensive sets). The output 
is coupled through the volume control 

Most inexpensive port-
able receivers use the com-
mon ratio detector similar 
to the one shown in fig. 1. 
This detector develops sig-
nificant positive and neg-

fig. 3. A simple squelch circuit, 
using either pnp dr npn tran-
sistors. 

MDETECTOR 
(FIG. I) 

IOOO f Y^^ \ 

-Vcc 
-OR 

(-) DETECTOR 'S°P 
(FIG. I) — 

decern ber 1975 Q I 37 



to the driver stage, 02, which in turn 
drives the output stage. These sections 
are easily located by finding the audio 
transformers associated with them, and 
it is seldom necessary to resort to a 
schematic to find the desired stages. 

plete muting are shown in fig. 4. In 
these circuits, the emitter signal path of 
the driving transistor is not broken, but 
the biasing of the driver is upset when 
no signal is present. But with even a 
small signal present, the bias is sharply 

f i g . 4 . A "brute 
force" squelch cir-
cuit is shown at (A) ; 
variations of the cir-
cuit are shown in 
(B) and (C). A spst 
s w i t c h m a y be 
placed in the con-
trol line for on/off 
c o n t r o l o f the 
squelch. 

( - J D E T E C T O R (FIG. I) 

simple squelch 
The point marked X in the emitter of 

02 is a convenient point to add squelch 
control to the audio stages. By breaking 
the circuit at this point and adding the 
muting circuit of fig. 3A, a simple 
squelch circuit is obtained. In some 
cases, small amounts of signal or noise 
will leak through even when this stage is 
supposedly squelched. Also, an increase 
in distortion may be noticed at high vol-
ume levels. A variation of this circuit is 
also shown, using an npn transistor, in 
fig. 3B. 

improved design 
Somewhat more positive acting 

squelch circuits which do not tend to 
cause distortion or suffer from incom-

returned to normal and audio output is 
restored. 

conclusion 
The several approaches to age-

controlled squelch shown here can be 
easily adapted to most portable radios. 
Receivers using both npn and pnp tran-
sistors may be accommodated, and junk 
box transistors seem to work a great 
percentage of the time. If you are un-
able to locate a source of age voltage, do 
a little poking around with a vtvm until 
you find a voltage source that varies 
with signal strength. That is all that is 
needed to add squelch to a portable 
radio, making it a much more useful and 
enjoyable low cost monitor receiver. 
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1152-
to 2304-MHz 

power doubler 

Construction of 

a single-tube 

frequency doubler 

for 2304 MHz 

that provides 

5 dB power gain 
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A 2C39 power amplifier capable of pro-
viding 30 watts output on 2304 MHz 
was described in the February, 1975, 
issue of ham radio.1 Its design involves a 
combination of the best characteristics 
of various experimental 2.3 GHz ampli-
fier models I have built and tested over 
the past three years. Each succeeding 
version differed from the previous one 
in ways which both improved perform-
ance and simplified construction. 

During the same three-year period, 
on-the-air tests over a ten-mile path 
were performed between WA9HUV and 
both W9DCN and K9CNN, first working 
432/2304 crossband, and later using 
2304 MHz two-way. Signals were well 
over S9 on 2304 MHz, in spite of the 
1296-MHz antenna used by W9DCN. 
Contacts over longer distances have 

• 2 9 3 East Madison Ave., Elmhurst, III. 60126. 
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- CENTRALAB FT-IOOO 
flF FEEOTHROUCH 
CAPACITORS 12) 

RFC ZC39 

fig. 1. Circuit diagram for the 1152 to 2304 
MHz power doubler using a 2C39 which pro-
vides approximately 5 dB gain. Rf chokes are 
8 turns no. 18 tinned copper, airwound on 
3/16" (5mm) mandrel, turns spaced slightly. 

been solicited, but none have yet been 
tried. It is hoped that this article, to-
gether with the preceeding one which 
described the 30-watt power amplifier, 
will provide the impetus necessary to 
develop new interest in the 2304 MHz 
band. 

frequency doubler 
Having arrived at a reasonably good 

basic design, attention was focused on 

developing a companion doubler stage 
capable of driving the power amplifier 
to full power output with drive to spare. 
Rather than starting from scratch, it was 
decided to convert one of the earlier 
power amplifiers into a doubler by 
lengthening the cathode cavity to 1-3/8 
inch (35mm). No changes were made to 
the amplifier plate circuit. The resulting 
doubler circuit is very similar to the 
power amplifier. 

Because the doubler plate circuit is 
identical to that of the companion 
power amplifier, only the doubler cath-

1-lStG 
(27 mm) 

-PARTS FROM 
SURPLUS CAVITY 

!25 mm) 

- 2 - 5 6 CLEARANCE <-4 HOLES TO 
MOLE, u SINK ON CL fA f t SHOULDERS 
TUBE SIDE FOR OF INSULATING 
2-56 BRASS SCREW, WASHERS 

fig. 2. Heater/cathode assembly uses parts 
from surplus 2C39 amplifier. Use the mount-
ing plate as a template to locate the four 2-56 
tapped holes for assembly with the cathode 
partition. 

Complete cathode partition assembly showing 
the heater/cathode line (left), piston tuner 
(center) and cathode coupler (right). 

ode circuit will be described here. De-
tails of the plate circuit can be obtained 
from reference 1. 

heater-cathode assembly 

The heater-cathode assembly shown 
in fig. 2 is nearly identical to the one 
used in the amplifier except that the 
heater-cathode line extends into the 
cavity 1-1/16 inches (27mm). The 2-56 
brass flat-head machine screw holds a 
solder lug to connect the cathode side 
of the heater to the appropriate cir-
cuitry (this detail was omitted from 
the amplifier article). Attach the screw 
to the plate with a 3/16 inch (4.5mm) 
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hexagonal nut and then sand the inside 
surface of the plate flat to make sure 
the screw head does not project be-
yond the surface of the plate. Finally, 
position the plate over the finger-stock 
assembly and solder the two together 
as shown in fig. 2. 

The completed heater-cathode 
assembly should be insulated from the 
cathode partition with insulating 
shoulder washers and 0.005 inch 
(0.1mm) Teflon sheet. 

cathode piston tuner 
The cathode partition is identical to 

the one described for use with the am-
plifier and is shown in fig. 3. Rather 
than using a brass bushing from an old 
volume control for the piston trimmer, 
a 3/4 inch (19mm) diameter brass cylin-
der 5/8 inch (16mm) long is soldered to 
a length of 1/4 inch (6.5mm) diameter 
brass rod. Then a 1-1/4 inch (32mm) 
length of 3/8-32 threaded brass sleeving 
is slipped over the 1/4 inch (6.5mm) 
shaft and soldered in place as shown in 
fig. 4. Soldering should be done with 
the aid of a propane torch, using solder 
sparingly. Finally, the tuner and sleeve 

E x t e r i o r v i e w of t h e c a t h o d e p a r t i t i o n . 

-FOUR »J2" (5 5mm) 01AM X" HOLES 
TO MATCH 9 HOLES OF GRID CAVITY 
PLATE (SCREWDRIVER ACCESS) 

II MOLES O.IIO tie mm) 01 AM 
HOLES ON 2-1/8" (54 mm) OlAM 
CIRCLE 30* APART. 

(TO mm) 

fig. 3. Cathode partition. Holes marked with 
the letter C are screwdriver clearance holes to 
f a c i l i t a t e assembly. Material is 0.093" 
(2.5mm) brass. 

assembly are screwed into the tuner 
bushing from inside the cathode 
partition. 

If 3/8-32 threaded brass tubing is not 
available, use 3/8-28 threaded lamp fix-
ture brass tubing which is obtainable in 
most hardware stores. In this case, the 
tuning shaft should be made of 5/16 
inch (8mm) diameter brass rod to fit in-
side the lamp hardware. Test the 
threaded tubing with a magnet to make 
sure it is not brass-plated steel. Before 
reassembly with the cathode cavity, the 
cathode input coupling circuit is assem-
bled as described in the next section. 

Helical springs are used to put pres-
sure on the threads of the tuning piston 
trimmer threads. These springs, which 
are used on the amplifier as well as the 
power doubler, are 9/32 inch (7mm) in-
side diameter. A brass collar with set 
screws is used at the far end of the tun-
ing shaft to place the spring in compres-
sion. These springs are quite important 
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as tuning is likely to be erratic if they 
are omitted. 

cathode coupling assembly 
The 1/8 inch (3mm) and 5/32 inch 

(4mm) OD brass tubing needed to fabri-
cate the cathode coupler (fig. 5) can be 
obtained from most hobby shops. The 
connector end of the assembly is sol-
dered to the center conductor of the 
type-N coaxial connector. The 1/8 inch 
(3mm) end is slotted with a fine (32 
teeth per inch) hacksaw blade. Spread 
the slotted end slightly to provide a 
tight slide fit with the cavity end of the 
coupler assembly. 

The cavity end is screwed into the 
3/16 inch (5mm) diameter hole in the 
grid cavity plate. Solder a flat brass 
washer on the cavity end as shown to 
provide a good rf contact on the inside 
of the cavity. 

When assembling the cathode parti-
tion on the cathode cavity, slide the 
connector end of the coupler into the 
cavity end. If the instructions have been 
carefully followed, the two parts should 
slide together without interference. 

tuning up 
The circuit diagram of the frequency 

doubler shown in fig. 1 is identical to 
the amplifier wiring diagram except for 

3/-I" 
119 romi 

•J-J/8* 
110,3 cm I 

SOLDER-

3/8" 
116 mml 

1-7/B" 
1475 mml 

3 / 8 - 3 2 threaded 
BRASS Si EE VE 

-3-3/1' (9,5 cm) LOm. 
1/4" 16 5 mml OIA 
BRASS ROD 

View of cathode cavity before installation of 
the cathode partition. Since an earlier model 
of the 2304 MHz power amplifier was modi-
fied for use as a doubler, parts in this do not 
correspond exactly with figs. 2 through 5. 

-SOLDER 0,156" M mml 0,0 
BRASS TUBE TO CENTER 
CONDUCTOR Of 
N CONNECTOR 

SOLDER 

O.IXS" (3 mml OD 
BRASS TUBE 

-SLOT 

CONNECTOR END OF ASSEMBLY 

0 IS6* <4 mml OD 
BRASS TUBE 

SOLDER BRASS 
WASHER 

6-12 SCREW 
1/2" (23 mml tOfJG 

CAVITY END OF ASSEMBLY 

fig. 4. Cathode piston tuner assembly. Brass 
rod is soldered to 3/8-32 threaded sleeve. 

fig. 5. Cathode coupling assembly. Brass tub-
ing can be obtained from most hobby shops. 
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Front view of completely assembled 1152 to 2304 M H z power doubter. 

component values and the meter ranges. 
A 7.6-volt zener diode is used instead of 
the 6.3-volt unit to reduce the conduc-
tion angfe of the plate current for better 
doubler efficiency. The quiescent (no-

thari you'll be back on the air." 

drive) plate current should be set to 
approximately 25 mA by adjusting the 
position of the slider on the 100 ohm 
variable resistor. 

Measurements were made using a 
calorimeter which indicate that the 
doubler has a power gain of approxi-
mately 5 dB. It is interesting to note 
that this doubler provides about 8 dB 
more power output on 2304 MHz than 
would be expected from a varactor dou-
bler with the same drive power. There-
fore, with less than one watt of drive at 
1152 MHz, more than sufficient output 
is obtained to drive the power amplifier 
stage to full output. It is recommended 
that the primary winding of the doubler 
plate supply transformer be controlled 
with a variable transformer so that drive 
to the power amplifier can be adjusted 
to the desired level. 

reference 
1. Norman J. Foot, WA9HUV, "Power Am-
plifier for 2304 MHz," ham radio, February, 
1975, page 8. 
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microstripline 

bandpass filters 
for 1296 MHz 

Miniature 

bandpass filters 

for the amateur 

1296-MHz band 

Uhf experimenters frequently need to 
filter out spurious or image responses, 
usually with coaxial or trough-line 
resonators.1"5 Although properly de-
signed coaxial and trough-line filters 
offer exceptional skirt selectivity and 
minimum insertion loss, they are large 
and bulky and require access to sheet-
metal cutting and forming equipment. 
The 1296-MHz filters presented here are 
based on printed-circuit microstripline 
techniques and are easily duplicated in 
the home workshop. 
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Two- and three-pole bandpass filters 
for 1296 MHz are shown schematically 
in fig. 1. In each of the filters parallel-
resonant sections, consisting of micro-
stripline inductors and piston trimmer 
capacitors, are loosely top coupled. The 
input and output striplines are tapped 
down on the inductors to provide a 
match to 50 ohms. The two-pole band-
pass filter is functionally equivalent to 
the filters used at the input of the RF 
and LO ports of my 1296-MHz double-
balanced mixer.6 In the design pre-
sented here, however, the coupling 
capacitor, Cc, formerly a 0.5 pF chip 
capacitor, has been replaced by the 
stray coupling capacitance between the 
stator ends of trimmers C1 and C2. 

As can be seen from the swept fre-
quency response curve in fig. 2, these 
microstripline filters are relatively low-Q 
devices. The steepness of the rejection 
skirts may be sacrificed somewhat to 
minimize passband insertion loss, which 
for this design averages around 1 dB. 

construction 
Full-size artwork for the printed-
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2 - POLE FILTER 

C1-C3 1-5 pF ceramic piston t r immer 

C c Stray coup l ing capaci tance between 

stator ends of t r immer capac i tors 

J 1 , J 2 S M A or equivalent mic ros t r ip l ine 

l a u n c h e r s ( E . F . J o h n s o n 

142-0248-001 or s imi lar) 

L I , L 2 , 

L 3 

X I , X 2 

3 - P 0 L E F I L T E R 

M i c r o s t r i p l i n e i n d u c t o r , 0 . 5 " 

(13mm) long, 0 .1" (2.5mm) wide, 

spaced 0.3" (7.5mm) center to cen-

t e r . B o t t o m ends strapped to 

groundp lane w i th th in copper strap 

50 o h m m i c r o s t r i p l i n e , 0.1" 

(2.5mm) wide , any length. Center-

fine tapped to L I and L 2 0.2" 

(5mm) f r om grounded end 

fig. 1. Two- and three-pole microstripline bandpass filters which tune the range from 1100 to 1500 

MHz. Full-size printed-circuit layouts for these filters are shown in fig. 3. 

circuit microstripline filters is shown in 
fig. 3 and is designed for 1/16 inch 
(1.5mm) th ick G-10 epoxy-glass 
printed-circuit board, double clad with 
1 ounce copper.* The unetched side of 
the board serves as a groundplane. 
Board dimensions are such that the 
filters mount easily in a miniature die-
cast aluminum box such as a Pomona 
2417. The cutaway view of fig. 4 shows 
the method of mounting the piston 
trimmer capacitors on the circuit board. 

With the circuit values shown, these 
filters can be adjusted to resonate any-
where in the range between 1100 and 
1500 MHz. The easiest method to adjust 
for resonance at 1296 MHz is to con-
nect a weak-signal source through the 
filter into a receiver, and adjust the 
trimmer capacitors for maximum re-
ceived signal. Since the output impe-
dance of the signal source and the input 
impedance to the receiver may deviate 

*Tuned and tested two- and three-pole band-
pass filters for 1296 MHz are available f rom 
Microcomm. For complete specifications and 
prices, send a self-addressed, stamped enve-
lope to Microcomm, 14908 Sandy Lane, San 
Jose, California 95124. 

substantially from 50 ohms, it's a good 
idea to temporarily install fixed attenua-
tors at the input and output of the filter 
while tuning as shown in fig. 5. There is 
a certain amount of interaction between 
the trimmer capacitors so the adjust-
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fig. 2. Swept frequency response of the two-

and three-pole microstripline filters (measured 

with a Hewlett-Packard network analyzer and 

X-Y plotter). The 3 dB bandwidth is 150 MHz 

and passband insertion loss is about 1 dB. The 

20-dB bandwidth is 320 MHz for the 3-pole 

filter, 570 MHz for the two-pole design. 
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ments should be repeated several times 
to insure that you have the filters tuned 
for minimum insertion loss. 

If the filter is to be used to reduce 
the spurious output of a local-oscillator 
chain, alignment to the desired passband 
frequency is most easily accomplished 
by placing the filter in the line between 
the LO and the mixer and adjusting the 
filter for maximum indicated mixer cur-
rent (fig. 6). 

fig. 3. Full-size artwork for the two- and 
three-pole bandpass filters for 1296 MHz 
w h i c h are designed for 1 /16 " (1.5mm) 
double-clad G -10 epoxy-glass circuit board. 

applications 

A/lost amateurs who are active on 
1296 MHz will probably want to have 
several of these bandpass filters available 
on their workbench. In general, accurate 
measurements on any two-port device 
are enhanced by the application of fil-
tering at each port. Microstripline ampli-
fiers, for example, tend to be extremely 
broadband; since transistors tend to 
have higher gain at lower frequencies, 
any low-frequency spurious which is 
applied to the amplifier will be ampli-

fig. 4. Method of mounting the piston trim-
mer capacitors on the microstriplines. 

fied more than the desired in-band sig-
nals. It is not unlikely, in fact, for lower 
frequency, out-of-band signals to actu-
ally force an amplifier into gain com-
pression. Bandpass filters at the input 
and output of an amplifier under test 
will thus aid considerably in making 
accurate gain and dynamic range meas-
urements. 

In operational equipment it's a good 
idea to place bandpass filters between 
each wideband stage as shown in fig. 7. 
The filter's 1 dB or so of insertion loss is 
more than offset by the elimination of 
image signals and spurious responses. 
For maximum image rejection it is rec-
ommended that the more selective 
three-pole filter be installed between 
all active stages. In the local-oscillator 
chain, where harmonically related spuri-
ous signals are separated from the pass-
band by an octave or more, the simpler 
two-pole resonators are usually suffi-
cient. 
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SICAML 3 dB PAD 3 dB PAD 
SOURCE IOR GREATER} <OR GREATER) 

fig. S. Using a weak-signal source to align a 
filter to 1296 M H z . The 3 d B attenuators 
swamp out any impedance mismatches. 
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IOC-11 

OSCILLATOR 

MULTIPLIER BANDPASS MULTIPLIER 
FILTER 

fig. 6. Band pa S5 filter can be adjusted to the 
local'oscillator output frequency by tuning 
the filter for maximum mixer current. 
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' RECEIVE 
ANTENNA 

3P0LE 
FILTER 

r MULTIPLIER 

. 288 MHi 

LOCAL 
OSCILLATOR 

I 
fig. 7. installation of bandpass filters in a typi-
cal 1296-MHz transmitter and receiver. Three-
pole filters are recommended between active 
stages, as discussed in the text. 

SUPER LOGARITHMIC SPEECH PROCESSOR 

MODEL LSP-520BX 
UP TO 400% MORE RF POWER is yours with 
this plug-in unit. Simply plug LSP-520BX 
into the circuit between the microphone and 
transmitter and your voice suddenly is trans-
formed from a whisper to a DYNAMIC 
OUTPUT1 
Look what happens to the RF Power Output 
on our NCX-3. It was tuned for normal S SB 
operation and then left untouched for these 
"before" and "after" oscillograms. 

Fig. 1 S S B signal before processing. See tha 
high peaks and the low valleys. Our NCX-3 
is putting out only 25 watts average power. 

Fig. 2 S S B signal after processing with LSP-
520BX. The once weak valleys are now strong 
peaks. Our NCX-3 now puts out 100 watts 
of average power. 

Three active filters concentrate power on 
those frequencies that yield maximum intelli-
gence. Adds strength in weak valleys of 
normal speech patterns. This is accomplished 
through use of an IC logarithmic amplifier 
with a dynamic range of 30dB for clean audio 
with minimum distortion. 

This unit is practically distortion-free even 
at 30dB compression! The input to the LSP-
520BX is completely filtered and shielded 
for RF protection. 
Size is a mere 2 3/16H x 3 l/zW x 4D. Money 
back if not delighted and ONE YEAR UN-
CONDITIONAL GUARANTEE. 

Order now or write for FREE brochure. 
LSP-520BX $49.95 

ADD $1.50 SHIPPING & HANDLING 

DEALER INQIRIES 
INVITED 

601-323-5869 

MFJ ENTERPRISES 
P. O. BOX 494(H) 

MISS. STATE, MS 39762 

december 1975 QB 49 



uhf frequency scaler 

I 
.5 
'E 

New Fairchild 11C90 I 
0 

•t 

decade counter IC is a J 
1 

direct plug-in replacement o 
•a 

for the popular 95H90 J 
c JO 

that extends operation § 
o 

to above 500 MHz S 
CD 
O 
CM 
CM 
> 

LLI 
* 

O 
CO 

Fairchild Semiconductor has introduced 3 
another outstanding iC in the 11C00 | 
series1 which should be of immediate cn 
interest to amateurs — the 11C90, a pin- | 
for-pin replacement for the popular _c 
95H90 that has a minimum guaranteed w 
toggle frequency of 520 M H z from 0°C 3 
to +75°C. At its best, the new 11C90 is q 

a complete front end for a 700 M H z 
frequency counter (typical toggle fre-
quency at 25°C).* 

The 11C90 uhf divide-by-10/11 pre-
scaler makes use of Fairchild's Isoplanar 
II technology for high speed with reason-
able power dissipation. Pins which were 
unused on the 95H90 decade prescaler are 
used on the 11C90 to provide a refer-
ence voltage which centers the input 
c l o c k voltage about the switching 
threshold and allows direct capacitive 
coupling to the signal source or test an-
tenna. A n on-chip ECL- to -TTL level 
converter is capable of driving ten T T L 
loads and eliminates the need for any 
external output interface circuitry. 

circuit operation 
T o take fu l l advantage of the 

11C90 's uhf counting ability, a circuit 
such as that shown in fig. 1 should be 
built or derived from an existing 95H90 
layout. 2 ' 3 Pin 13 (TTL V E E ) should be 
tied to ground (low) if the T T L output 
(pin 11) is used. If only the E C L output 

* The 1 1C90 is available now from franchisee! 
Fairchild distributors worldwide for $16 .00 in 
small quantities. 
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i H f y TTL LOADS 

m rh rrr m 

fig. 1. Divide-by-10 uhf prescaler has a mini-
mum guaranteed toggle frequency of 520 
MHz. Typical toggle frequency at 25° C is 7 0 0 
MHz. 

(pin 8) is used, pin 13 may be left open 
to reduce power consumption. 

A reference voltage is generated 
internally across a 400-ohm resistor to 
the V B b supply and is present at pin 15 
(V r e f ) . This completely eliminates any 
need for an external biasing network. 

Pins 6 and 7 of the 11C90 are un-
committed 2000-ohm resistors which 
are internally connected to the mode 
control inputs, M1 and M Z When tied 
high (+5 volts) these resistors allow the 
associated mode control input to be 
driven from TTL; if these inputs are left 
open or tied low, the mode control in-
puts offer, respectively, unterminated or 
terminated ECL loads to the drivers. 

The mode control inputs are useful 
primarily when the 11C90 is employed 
in the divide by 10/11 mode to produce 

M, I | 

f 

u 
CE 

PM2 CE 04 

CP IIC90 04 

Voir OTTL 
MS 

Vcc 
v.. 

PIN 14. VCCA 

PIN 12, V„ 
PIN 5 
PIN 13 (TTL) 

fig. 2. Logic symbol for the Fairchild 11C90. 
Mode control inputs M1 and M2, and R M 1 
and R M 2 inputs are discussed in text. The IC 
includes a built-in ECL- to -TTL converter. 

non-standard divide ratios such as those 
used in pulse swallowing for frequency 
synthesis. The 11C90 logic symbol (fig, 
2) and truth table in table 1 should aid 
in understandfng the device. 

Circuit layout, although not critical, 
can be used to enhance the high-
frequency operation of the 11C90. 
Proper power supply decoupling, broad 
ground connections, short signal runs, 
and short leads (sockets are not recom-
mended) wi l l all help the user to reap 
the maximum performance that has 
been built into the device. The 11C90 
typically requires only 65 mA as com-
pared to 90 mA for the 95H90, so it 
runs much cooler than its predecessor. 

table t . Mode selection for the 11C90. Low is 
indicated by L , high by H. 

module 
M l M 2 divide by 
L L 11 
H L 10 
L H 10 
H H 10 

summary 

The 11 COO family of sub-nanosecond 
logic now consists of nine devices rang-
ing from the 11C05 prescaler to the 
11C01 gate package, and includes the 
11C58, a 150-MHz voltage-controlled 
monostable oscillator which features a 
4:1 frequency range with 2-volt dy-
namic range. These new devices obvi-
ously open up a whole new range of fre-
quency synthesizer possibilities, but 
that's another story. 

references 
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3. F. Everett Emerson, W6PBC, "Circuit Im-
provements for the Advanced Frequency 
Scaler," ham radio, October, 1973, page 30. 
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quadrifilar toroid 
The prevalence of roller Inductors in 

transmitters and antenna couplers 
attests to the need for adjustability. The 
quadrifilar toroid limits the adjustability 
to discrete steps but offers the advan-
tages of small size, internal field requir-
ing little if any shielding, and balun 
applications. 

The ends of the four, parallel, 
tightly-coupled windings are connected 
into the desired configuration by an 
octal socket and tube base. Of several 
octal sockets I tested those with "wrap-
around" pins consistently measured 

O 'WY-I A 5 

6 36 i c 

Q IIS I,H 

Q 25 l pM Q 46 O 

fig. 1. Five methods of interconnecting the 
four quadrifilar windings, and the measured 
inductance values of each configuration. 
Winding consists of 16 quadrifilar turns of 
no. 12 (2.1mm) on an Amidon T-200-6 
toroid core. 

Construction of the quadrifilar toroid which 
is based on an Amidon T-200-6 powered-iron 
toroidal core. 

0.003 dc ohm per contact while the 
"edge-bite" pins varied from 0.003 ohm 
for a few pins to many times that value 
for most. Obviously only the "wrap-
around" octal socket is recommended 
and preferably in ceramic or mica-filled 
bakelite. If a low-resistance 12-point 
switch or plug-socket can be found, a 
hexifilar toroid with inductance ratios 
of 1, 4, 9, 16, 25 and 36 can be built. 

This example of a quadrifilar toroid 
consists of an Amidon T-200-6 toroidal 
core with four windings of 16 turns 
each of number 12 (2.1mm) enamelled 
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fig. 2. Quadrifilar windings may also be used 
to build baluns with 1:1, 2.25:1 and 1:4 
transformation ratios. 

wire. Fig. 1 shows the socket connec-
tions and the measured inductance 
values. 

In balun service the four independent 
windings lend themselves to several con-
figurations; three of the simpler forms 
are shown in fig. 2. The easy access to 
the terminals suggests other arrange-
ments. 

The frequency response of the 1:1 
balun is flat to at least 20 MHz (the 
limit of my sweep generator) and prob-
ably well beyond. Even at one-half and 
twice termination the smooth roll-off 
dropped only 30 and 20 per cent, 
respectively, at 20 MHz. 

R.S. Naslund, W9LL 

technique speeds antenna tuner adjustment 
This article deals with a simple and 

accurate procedure for tuning or adjust-
ing antenna tuners without using a 
transmitter or a standing-wave bridge. 
To avoid some possible confusion the 
term antenna tuner refers to such de-
vices as Johnson Matchbox, Millen 
Transmatch, Murch Ultimate Trans-
match and most similar homebuilt an-
tenna tuners. Every ham shack should 
have at least one.1 

In almost every technical article on 
antenna tuners that is published, you 
are instructed to make a written record 
of the dial settings and coil tap points 
for future use. If you've gone through 
this you know it's time consuming to 
search for coil tap points and tune two 
or three variable capacitors for each tap, 
trying to find the correct settings for 

1. Ed Noll, W3FQJ, "Antenna Tuners," ham 
radio, December, 1972, page 58. 
2. Henry S. Keen, W2CTK, "A Simple R X 
Bridge for Antenna Measurements," ham 
radio, September, 1970, page 34. 
3. Bill Wildenhein, W8YFB, "A Low Cost R X 
Impedance Bridge," ham radio, May, 1973, 
page 6. 

each operating frequency. Furthermore, 
going through this procedure on the air 
generates a lot of unnecessary interfer-
ence. I deliberately put up a four-band 
parallel dipole so I could avoid using (or 
adjusting) an antenna tuner, but because 
of the high swr the antenna tuner is now 
back in the line. 

The simple technique discussed here 
for adjusting your antenna tuner does 
require an additional piece of test equip-
ment which you may not have. How-
ever, the necessary test gear, a simple 
impedance bridge, can be easily built 
from junkbox parts. Although several 
R X impedance bridges have been de-
scribed in the amateur literature,2>3,4 

the more simple antennascope5 or an-
tenna impedance meter6 are suitable for 

4. Jerry Hall, K1PLP and John Kaufmann, 
WA1CQW, "The Macromatcher," QST, Janu-
ary, 1972, page 14. 
5. William Orr, W6SAI, Beam Antenna Hand-
book, Radio Publications, Wilton, Connecti-
cut, page 178. 
6. Robert G. Middleton, 101 Ways to Use 
Your Ham Test Equipment, Howard Sams & 
Company, Indianapolis, page 80. 
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fig. 3. Simple test setup speeds initial adjust-
ment of antenna tuning unit v i t h minimum 
on-the-air interference. 

this application. You will also need a 
grid-dip meter or low power transmitter 
as a source of rf for the impedance 
bridge. A grid-dip meter is highly recom-
mended as it will cause less unnecessary 
interference. 

impedance bridge. When finding the tap 
point it is suggested that the clip be held 
by its insulation and moved slowly up 
and down the coil until you see a 
downward movement of the bridge 
meter. That's the tap point you're look-
ing for. This procedure is simplified 
somewhat if your antenna tuner uses a 
roller inductor, but the end result in 
either case is the same. 

When the correct tap point has been 
found, fasten the clip on the inductor 
and tune the variable capacitor for as 
perfect null as possible on the bridge 
meter. Record the dial settings for fu-
ture use. When a transmitter, tuned to 
the same frequency, is connected in 
place of the impedance bridge, only 
very minor touchup of the antenna 

table 1. Comparison of Transmatch dial settings obtained with three 
different impcdance bridges using the test setup of fig. 3. 

bridge frequency input inductor output 
type (MH2> capacitor tap capacitor 

R X Br idge 3 3.95 98 59 40 
7.25 90 68 0 

14.05 55 3 40 
21.05 90 2 10 

Macromatcher^ 3.95 95 60 15 
7.25 100 68 0 

14.05 3S 4 24 
21.05 90 2 15 

Antennascope5 3.95 90 52 10 
7.25 98 68 0 

14.05 30 4 20 
21.05 95 2 15 

Set up the test equipment as shown 
in fig. 3. If you use a grid-dip meter you 
won't get a reading on the swr meter, 
but at this point that's not important. 
Set the impedance bridge to 50 ohms 
(or 75 ohms if that's the impedance of 
your transmission line), tune the grid-
dipper to the desired operating fre-
quency and couple it to the impedance 
bridge. The meter on the bridge should 
swing upscale. 

Now locate the tap on the antenna 
tuner inductor that causes a null on the 

tuner should be required for an indica-
ted vswr of 1:1. The data of table 1 
show the results I obtained while using 
this procedure to adjust a Transmatch.7 

Note the close correlation between dial 
settings obtained with three different 
types of impedance bridges. The operat-
ing swr for all cases was very nearly 1:1. 

Howard Stark, WA4MTH 

7. Lewis G. McCoy, W1ICP, "The Ultimate 
Transmatch," QST, July, 1970, page 24. 
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burglar-proof alarm 
When you are setting up a burglar-

proof alarm for your car, you should have 
an unusual alarm. The more unusual the 
alarm, the harder it is for a burglar to get 
into the car. The most important parts of 
the alarm are the switches used to acti-
vate it. These switches must be placed so 
that they are hard to find, but still allow 
complete protection. This means that 
switches should be used to prevent the 
car from being towed away, as well as 
being broken into. 

After the switches have been placed, 
you must connect them to some sort of 
alarm. The alarm device must make a very 
noticeable sound. This requirement rules 
out the car's horn because people hear 
them constantly in a populated area. The 
best device for the alarm is a siren. There 
are two types of sirens that can be used, 
mechanical or electronic. Both types are 
suitable for the system shown in fig. 4. 

In the schematic there is a time-delay 
switch which is used to eliminate outside 
control on the car. This is important 
because it gives the advantage of surprise 
when a burglary is being committed. The 
approximate one-minute time delay all-
ows you to enter the car and shut the 
alarm off. This is enough time to shut the 
device off if you know how, but not 
enough if you don't. This stops the 
burglar from removing anything that is 
fastened inside the car or searching the 
interior. The schematic also shows that 
two switches are used in the driver's door. 
The second switch is used to activate the 
circuit with the time delay. 

The on-off switch is a simple dpst 
switch placed somewhere in the middle of 
your ham gear. This way a burglar will 
never realize that it is the switch to 
deactivate the device. Also, the battery 
and siren are placed in the trunk. This 
makes it very hard for a burglar to disarm 
the system. 

As noted in the schematic, there are 
four other switches marked "trunk," 
" hood " and "limit." These four switches 

are very important in deterring a person 
from stealing your car. The trunk and 
hood switches are simply placed in the 
trunk and hood, preventing anyone from 
opening either one and tampering with 
anything inside. 

MAIN 
CONTROL 

fig. 4. Simple burglar-proof auto alarm. All 
switches are shown as they would be when 
the doors, hood and trunk are closed. 

The other two switches are harder to 
place, but they prevent the car from 
being moved. One of the switches is 
placed inside the car and is operated by 
the parking brake cable. Cutting the cable 
releases the tension on the cable and 
activates the alarm. The other switch is 
placed on one of the back shock absorb-
ers. It is a limit switch, operating when 
the shock absorber is extended to its 
maximum. This sounds the alarm if the 
car is being towed away. 

Installed correctly, this alarm system 
will keep your car well protected. It has 
already prevented three burglaries for me. 

Glenn Eisenbrandt, Jr. 
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short circuits 
universal tone encoder 

A few transceiver models using diode 
PTT switching will not operate correctly 
with the Universal Tone Encoder shown 
in the July, 1975, issue. The problem 
occurs in the tone-burst mode after the 
PTT button is released, and results from 
the charging current drawn by C7. Some 
transceivers are not able to supply this 
current and will not return fully to the 
receive mode. 

Ioi2/-TIN4+4B 
|H24 ft? 
? <70 RS? 

m 1500 

:H22 ton 

• ce •001 

«23 lot 

m 

35 f f 630 

This problem is solved by adding 
C R 2 and R27 as shown in the schematic 
above; the polarity of C7 was also re-
versed in the original schematic. The en-
coder will now operate with relay- and 
diode-switched transceivers. The new 
circuit board incorporates this change. 
Circuit boards are available from Larry 
McDavid, W6FUB , 185 South Alice 
Way, Anaheim, California 92806. 

dc latch circuit 
In the C M O S dc latch circuit, fig. 2, on 

page 44 of the August, 1975 issue, the 
D input of U 2 A (pin 5) should be con-
nected to the 0 output (pin 2), not to 
the Q output (pin 1) as shown. 

low-frequency loop antenna 
In the article on the loop antenna re-

ceiving aid in the May, 1975 issue, no 
ground return is shown for the fet pre-

amp (fig. 3) or Q multiplier (fig. 4). In 
both cases the 100k resistor connected 
to the gate of the HEP802 fet should be 
grounded. 

automatic az/el control 
Several errors appeared in the auto-

matic azimuth/elevation rotator control 
system published in the January, 1975, 
issue of ham radio. In the base diagram 
for the 558 op amp (fig. 3), the invert-
ing and non-inverting inputs to the 
lower op-amp are reversed (pin 5 should 
go to the non-inverting [+] input). In 
fig. 7 the sensed position output should 
be connected to the junction of the 
100- and 750-ohm resistors, not to the 
op-amp output terminal. Also, add two 
to all IC numbers in the second column 
on page 29 and the first column on page 
31 (U11C, for example, should be 
U13C). 

Some readers have found that the 
frequency-selective amplifier in fig. 4 
oscillates. This can be easily solved by 
increasing the value of the shunt resis-
tance of the bridged-T network. In am-
plifier U1, for example, the resistor to 
change is the 7500-ohm unit connected 
between the two 0.05 /iF capacitors. 

To eliminate difficulty with rf inter-
ference, shunt each rotator motor wind* 
ing lead with a 0.01 AtF disc capacitor at 
the control unit case. Treat the leads to 
the rotator potentiometer as illustrated 
in fig. 1, shown here. In addition, the 
grounded end of the rotator potenti-
ometer should be fastened to the circuit 
ground near the comparator, U11. Other-
wise, unrelated ground currents may up-
set the sensed rotator position. 

fig. 1. Use the circuit shown here with rotator 
potentiometer leads to eliminate difficulty 
with rf interference. 
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phase modulation techniques 

In the article on phase modulation 
principles and techniques on page 28 of 
the July, 1975 issue, the value of R in 
fig. 7 should be 10k. The loss formula 
shown in fig. 7 should be 

loss = 20 log [ \ dB 
a\yR2 +XC2 J 

communications receiver 

In the communications receiver 
described in the October, 1975 issue 
(page 32), the KVG XF9E crystal filter 
has 12 kHz bandwidth, not 2.4 kHz. 
Transformers T1 (fig. 2) and T1, T2 and 
T3 (fig. 8) are wideband transformers 
which I5TDJ wound on Ferroxcube 
0.25" (6.5mm) diameter toroid cores 
(permeability of 1000 or more). The 
Amidon T50-6 cores specified in the 
article have low permeability and low-
frequency performance is poor. For 
those who have asked, Q6 in fig. 8 
which is specified as an HEP S0014 may 
be replaced with a 2N3866 or 2N4427. 

Designer I5TDJ has heard from sev-
eral amateurs who have built duplicates 
of this receiver that they sometimes 
have trouble with the fet crystal oscil-
lator circuits (fig. 8). He subsequently 
tested a number of fets and found that 
some circuits would not oscillate with 
fets with high l D S S because of the large 
voltage drop across the 1000-ohm drain 
resistor which biased the fet into the 
pinch-off region. This can be solved by 
using low l D S S fets or by reducing the 
value of the drain resistor to 100 ohms. 

radiation hazards 

In the September editorial W1DTY 
made an error when calculating the 
power density at 10 watts input to a 
30-foot dish. Since the 10 watts is 
essentially spread over the area of the 
dish in the near field (within one or two 
dish diameters), the power density at 10 
watts input is 0.061 mW/cm2. An input 
of 1642 watts would be required to 
reach 10 mW/cm2. 

THE BEST WAY TO 
MONITOR RADIO CHANNELS 
WITHOUT LISTENING 

TOUCH-TONE® 
DECODER 
$75.00 
LOWEST PRICE EVER OFFERED 
FOR A QUALITY TOUCH-TONE DECODER 

MAYNARD ELECTRONICS recently purchased the 
entire stock of discontinued models of PLL 
TOUCH-TONE DECODERS from a major com-
mercial manufacturer. Our agreement stipulates 
that the sale of these units will be limited to 
the amateur radio market. Because the sale 
price is below the manufacturer's cost, it is 
necessary to limit sales to five units per ham 
to prevent commercial speculation. 

FEATURES: 
• Virtually immune to falsing by voice. CTCSS 

tones, music and noise 
• Includes a CALL LIGHT and BUZZER 
• Output for vehicle HORN connection 
• Relay UNMUTES SPEAKER when call is 

received 
• Field programmable for UP TO EIGHT DIGIT 

code sequence 
• May be used for MOBILE or FIXED 
• Designed for 12 VOLTS DC Pos. or Neg. 

operation 
• Dimensions: l ' / i x 4 % x 5 15/16 inches 

Units are brand new. Complete satisfaction is 
guaranteed. If for any reason you are not com-
pletely satisfied, just jeturn the undamaged unit 
within ten days for refund. 
MODEL 2000B TOUCH-TONE DECODER AND 

MANUAL $75.00 
MATING CABLE. MULTI-CONDUCTOR CABLE 

WITH MOLEX CONNECTOR $10.00 
Please enclose check or money order for the total amount 
plus $5.00 for shipping and handling. A $10.00 deposit is 
required on C.O.D. shipments. F.O.B. Belmont. 
Include your name, shipping address, zip code and ham 
call sign. Calif, residents add sales tax. 

MAYNARD 
ELECTRONICS COMPANY 

P. O. Box 363, Dept. A 
Belmont, Ca. 94002 

Phone (415) 592-1553 
Touch-Tone is a reg, T.M. of AT&T Co. 
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speech processor 
New from M F J Enterprises is the 

LSP-520BX speech processor, which 
provides 400% more rf power to your 
phone signal. The LSP-520BX adds this 
extra punch by means of three active 
f i l ters, two of which are switch-
selectable, and a low-distortion IC loga-
rithmic amplifier with a 30-dB dynamic 
range, assuring constant transmitter out-
put without clipping or appreciable dis-
tortion. Voice frequencies are tailored 
to put communication intelligence 
where it will do the most good — in 
your transmitted signal. 

Four techniques are used to maxi-
mize the voice-to-noise power ratio. 
First, an rf-protected preamp is opti-
mized for low-noise performance by us-
ing a premium, low-noise transistor. 
Second, putting two high-pass active fil-
ters before the log amplifier input en-
sures a clean, noise-free signal at the log 
amp output. Third, battery operation 
eliminates hum, and fourth, a filtered 
and shielded input circuit provides im-
munity from rf fields. 

The low-noise preamp has a gain of 
about 43 dB. An emitter follower 
matches the preamp output to a 500-Hz 
two-pole active filter, which has a roll-
off of 12 dB/octave (at 250 Hz the sig-
nal is attenuated 12 dB). A switch-
selectable two-pole 1400-Hz highpass 
active filter, which also has a 12-dB/ 
octave rolloff, follows the 500-Hz filter. 
When these two filters are cascaded, 
rolloff is 24 dB/octave below 500 Hz 
for maximum filtering. Following the 
two filters are a compression-level con-
trol and the logarithmic amplifier. A six-
pole, low-pass active filter accepts the 
/og amp output. This filter features 
steep rolloff at 36 dB/octave, with a 
2100-Hz cutoff frequency. Thus, band-
width restriction prevents a wide ssb sig-
nal and removes distortion products. 

Installation is simple. Plug your 
microphone into the processor, plug the 
processor output into your transmitter 
microphone output, and you're ready 
for some pleasant surprises on the 
crowded phone bands. The LSP-520BX 
is priced at $49.95 or $35.95 in kit 
form. Write M F J Enterprises, P.O. Box 
494, Mississippi State, Mississippi 39762, 
or use check-off on page 142. 

525-MHz uhf 
prescaler 

The new Pagel model 525 uhf pre-
scaler divides frequency by ten to ex-
tend the range of any 50 MHz or higher 
counter to the vhf and uhf bands. The 
unit also contains a 20 dB preamp for 
the unsealed 1 MHz to 50 MHz range to 
improve frequency counter sensitivity 
to 5 millivolts rms or better. Sensitivity 
is 50 mV rms at 500 MHz, and 30 mV 
rms below 400 MHz. A through-line 
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feature with an internal signal sampler 
can be used with transmitters up to 100 
watts (requires 50-ohm dummy load). 
This feature can be used to perform 
simultaneous power and frequency 
measurements and is a great time saver. 

The model 525 operates from the 
117 Vac line or battery power (8 to 15 
volts) may be used for portable or mo-
bile use. Price is $159. For more infor-
mation, write to Pagel Electronics, 
6742-C Tampa Avenue, Reseda, Califor-
nia 91335, or use check-off on page 142. 

hamtronics catalog 
Hamtronics, Inc., long known for its 

vhf preamplifiers and fm communica-
tions receiver kits for amatelir and mon-
itor applications, recently announced a 
new catalog, which is available to 
readers in return for a self-addressed, 
stamped envelope. It lists many new 
products, including a high performance 
version of its famous standard vhf pre-
amp. This kit, which is wired in series 
with the coaxial antenna lead of vhf 
communications receivers of various 
operating frequencies, boosts the receive 
signal by 20 dB or more, depending on 
the frequency. It operates from +12 
Vdc, and is constructed on a PC board. 
Cost of the kit is $9 (wired and tested, 
$14). 

The second new product is a two-
stage grounded-gate preamplifier for uhf 
receivers in the 400-500 MHz range, in-
cluding amateur, commercial, and moni-
tor receivers. It provides 20 dB gain, and 
is priced at $15 (kit) or $30 (wired and 
tested). A companion uhf converter kit 
is available for operation on various i-f 
frequencies, thereby converting a vhf re-
ceiver into a uhf receiver. The converter 
kit is priced at $20 plus crystal. 

A new improved vhf receiver for fm 
communications has also been intro-
duced in this catalog. It consists of a vhf 
converter board and a i-f/audio board. 
The converter is also available separately 

NEW-
KEYBOARD and 
ENCODER KIT 

* 53 Keys 
* One Chip M0S Encoder 
* Upper and Lower Case 
* Standard ASCI I Output 
* Two Key Lockout 

We are happy to announce a new addition to 
our keyboard and encoder line. Our new K B D -
3 uses a one chip M O S encoder system to give 
you maximum possible features with a mini-
mum number of parts. 

This keyboard produces a standard A S C I I 
coded output that is compatible with T T L , 
D T L , R T L and M O S logic systems. You have 
the option of wiring the kit for normal type-
writer style output in both upper and lower 
case letter, or all upper case format. All com-
mon machine control commands such as "line 
feed", "return", "control", etc. are provided 
on the keyboard. Four uncommitted or extra 
keys are available for your specific use re-
quirements. Two of these have isolated output 
lines to the connector for special functions 
such as "here is'*. 

Keyswitches are standard, full travel style 
with gold plated contacts for long troublefree 
service. Requires +5 Volts and -12 Volts. 

KBD-3 Keyboard and Encoder Kit $49.50 ppd 

SOUTHWEST TECHNICAL 

PRODUCTS CORP. 

219 W. Rhapsody Dept. HR 

San Antonio, Texas 78216 
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/ j P R E P O R T 

Whenever and wherever there's news in 
amateur Radio you can bet that HR 
REPORT is right there in the middle of 
it insuring that our readers are the best 
informed amateurs anywhere. 

In just two short years HR REPORT has 
set an enviable record for concise, accu-
rate reporting. Others have tried to copy 
us, but they were no match for the ex-
perienced steady hand that editor W9JUV 
and his colleagues apply to this exciting 
newsletter each week. 

Whether it happened at the FCC or the 
ARRL, or if it's DX, a new product, prop-
agation news or just a worthwhile tip, 
if it's news and if you should know about 
it then it will be in HR REPORT. 

Don't put off subscribing to this exciting 
weekly newsletter any longer. We'll have 
more up to the minute news in the mail 
this Friday and every Friday. HR REPORT 
is written with you in mind — we don't 
want you to miss it. 

/ j P R E P O R T 
Greenville, NH 03048 

Sign me up for a one year 

• New Subscription • Renewal 

N a me : Ca 11 

Address 

City State Zip. 
Just $12.00 (USA & Canada) until 

December 31, 1975 

to operate with various i-f frequencies. 
The vhf receiver kit is $65 less crystal. A 
uhf version, which includes the uhf and 
vhf converters and i-f/audio board, is 
priced at $80, less crystals. 

For your free copy of this new cata-
log, send a self-addressed, stamped en-
velope to Hamtronics, Inc., 182 Bel-
m o n t Road, Rochester, New York 
14612. 

CW filter 

Operators active in contest and DX 
work will welcome a novel CW filter 
offered by Palomar Engineers, The cir-
cuit combines a wideband and narrow-
band filter to provide simulated stereo 
reception. Active filters prevent annoy-
ing ringing and give sharp skirt selectiv-
ity, which removes all signals except 
those within an 80-Hz bandwidth. The 
simulated stereo technique allows off-
frequency signals to be heard, but be-
cause of the action of mind and ears, 
the off-frequency signals do not inter-
fere with the desired signal. 

The filter connects between your re-
ceiver and a set of stereo headphones. In 
the simulated-stereo mode, the narrow-
band signal is applied to one side of the 
stereo headset and the wideband signal 
to the other. Alternatively, the narrow-
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phones by panel-switch selection. The 
simulated stereo mode uses both filters 
with a dramatic improvement over 
either filter alone. The desired signal is 
heard in both phones; the off-frequency 
signals and noise are heard in only one 
phone. The mind concentrates on the 
desired signal and rejects the inter-
ference — yet off-frequency calls can 
still be heard, which otherwise might be 
missed. 

The center frequency of the CW 
filter is 800 Hz. Bandwidths of the 
narrow- and wide-band filters are 80 and 
300 Hz respectively. A 9-volt transistor 
battery supplies power. Input impe-
dance is 1 megohm; the output will 
drive either low- or high-impedance 
headphones. The panel switch has four 
positions: off (receiver output direct to 
phones); wideband amplifier to both 
phones; narrowband amplifier to both 
phones; and simulated stereo. The CW 
filter is $39.95 postpaid in U.S. and 
Canada. More information may be 
obtained from Palomar Engineers, Box 
455, Escondido, California 92025, or 
use check-off on page 142. 

unique ic op-amp 
applications 

A specialist in IC operational ampli-
fiers, Walter Jung, has written this book 
on the uses of unique op amps. Unique 
op amps are those with characteristics 
that set them apart from previous ampli-
fiers. Modified types of op amps are dis-
cussed along with totally unique types, 
such as programmable op amps, opera-
tional transconductance amplifiers, and 
quad current-differencing amplifiers. 
The material has been extracted from 
another Sams book, IC Op-Amp Cook-
book. Heavily illustrated. 144 pages, 
softbound, $4.95 from Ham Radio 
Books, Greenville, New Hampshire 
03048. 

t ^ w H R - 2 1 2 

American Made Quality at Import Price 

The Incomparable 12 Channel 
2 Meter FM Transceiver 

Here's an outstanding value 
that delivers 20 Watts of 2 meter 

F M power. The unique front 
panel mode switch enables 

predetermined or independent 
paired frequency operation. LOCK 

mode provides full 12 channel 
transceive on frequency pairings 

normally used in your area. 
U N L O C K mode permits up to.. 

144 possible frequency 
combinations. The receiver gives 

0.4 sensitivity and 3 watts 
audio output. All of this 

for only 

$ocnoo 

Amateur Net 

« . • if 

e n C 4 E L E C T R O N I C S , INC . 

7707 RECORDS STREET 
INDIANAPOLIS, INDIANA 46226 

An FM Model For Every Purpose... 
Every Purse 

HR-S NR-220 H R - 2 M S 
12 Channel-25 Watii 12 Channals-10 Watts 8 Channel Transcan 

6 Meter FM Transceiver 220 MH2 FM Transceiver 2 Meter FM Transceiver 
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AN OUTSTANDING 
OPPORTUNITY! 

Radio Communication is certainly 
one of the finest foreign Amateur Ra-
dio magazines. Published monthly by 
the Radio Society of Great Britain it 
is very much "The Magazine" to Brit-
ish Amateurs and to many others 
around the world. 

This magazine covers the whole 
Amateur Radio scene in Great Britain 
offering both a wide range of technical 
information and a description of many 
activities both on and off the air. 

Of particular interest is the monthly 
column Technical Topics by Pat Hawk-
er, G3VA. Here is a great rundown on 
new technical ideas from around the 
world. It touches on virtually all phases 
of Amateur Radio and is sure to have 
just the hint you need. 

Now is an extremely good time to 
subscribe to Radio Communications as 
the strength of the US dollars has 
greatly reduced its price, and you can 
still beat a major price increase sched-
uled for 1976. 

To: Radio Communication 
Greenville, NH 03048 

Enclosed is $9.95. Please sign me up for a 
one year subscription. 

Name Call 

Add ress 

City State Zip 
This offer expires December 31, 1975 

Regency crystal deck 

Topeka FM Communications has just 
introduced a new improved version of 
their highly popular 6T-HR2 six-channel 
crystal deck. Mounted in a Regency 
HR-2 or HR2-A, the deck allows full 
12-channel transmit/receive capability. 
Improvements include a smaller board 
which makes installation notably easier. 
C o m p o n e n t p lacement has been 
changed to allow netting without re-
moving the speaker from the radio. 

T h e new version, designated the 
6T-HR2-3, is now available for $15.50. 
K i t versions are also available for 
$11.50. For more information, write or 
call Topeka FM Communications, Inc., 
125 Jackson, Topeka, Kansas, 66603. 

noise in electronics 
Why is noise important? What is shot 

noise? How can noise figure be mea-
sured using a signal generator? These 
and dozens of other pertinent questions 
are answered in this new book for the 
amateur, engineer and technician. They 
provide the reader with a basic under-

- standing of noise characteristics and 
noise measurement techniques for prac-
tical applications. 

The author first introduces the 
reader to noise with explanations on 
white, pink, man-made, atmospheric 
and galactic noise. The remainder of the 
book answers questions about thermal 
noise, shot noise, noise bandwidth, 
special considerations for noise, signal-
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to-noise ratio, noise figure and other 
miscellaneous noise characteristics. 

Here's an opportunity to learn about 
flicker noise, noise power, the effect 
a-m detectors have on noise and dozens 
of other noise-related subjects. Easy-to-
understand answers are detailed without 
the complex mathematical manipula-
tions usually required with noise associ-
ated calculations. Illustrations, exam-
ples, and tables of solutions are pro-
vided to further explain the answers. 96 
pages, softbound, $3.95 from HR 
Books, Greenville, New Hampshire 
03048. 

multicoupler/ 
preamplifier 

« 1 

The new multicoupler set from Radi-
a t ion Devices features an antenna-
located preamplifier and provides pre-
amplification of signals at the base of a 
broadband high-frequency antenna to 
overcome coaxial cable loss. Preampli-
fier BBA-1/PMS-3 has greater than 9 dB 
gain over the band from 2 to 50 MHz. It 
receives power via the coaxial cable 
connecting it to the Multicoupler/Power 
Adapter Unit MPU-1. The MPU-1 pro-
vides four isolated signal ports to re-
ceivers or other equipment. Intermodu-
lation and cross-modulation distortion 
products are greater than 60 dB below 
the desired signal at zero dBm output 
level. The unit operates from 115 Vac, 
50 to 400 Hz. 

For more information, contact Radi-
ation Devices Company, Post Office 
Box 8450, Baltimore, Maryland 21234, 
or use check-off on page 142. 

' i i T e l e p h o n e s 
I S t i F f o r X M A S 
" D E C O - T E L " complete, ready to plug in. 
CRADLEPHONES 
Red Brocade White & Gold Brocade 
Green & Gold Brocade Blue & White Cameo 
Any one of the above for only $49.95 each. 
CANDLESTICK PHONES 
HOT L INE RED $39.95 each. 
T R E N D L I N E TELEPHONE SETS with touch 
pud, desk or wall less ringer, new only 531.95 
each. Available in red, white, black, turquoise, 
blue & orange. 
T R E N D L I N E ROTARY D I A L less ringer, re-
furbished only 827.50 each. Colors as above. 
STANDARD DESK PHONE type 2500 with 
touch pad available in red, green and black, 
less ringer, new $26.95 each. 
DESK PHONE type 500 or 80 rotary dial 
avuiluble 111 yellow, green, «rc>. Less ringer, 
new $1*1.95 each. Checked out, less ringer, used 
$8.95 each. 
W A L L PHONES type 554 or 90 rotary dial 
available in beige, orange, yellow, red, blue, 
black, less ringer, new $14.95 
SPACE MAKER W A L L PHONE rotary dial. 
Available in turmioise, black, beige, white. Less 
ringer, new $17.50 each. Less ringer, used 
$12.50 each. 
KEY PHONES-CALL COMMANDER TYPE 
rotary dial Stromberg Carlson 1700 si-rii's, all 
factory rebuilt. 
3 lines - 3 hold buttons - $22.50 each. 
6 button — 5 line 1 hold — $27.50 each. 
12 button - 11 lines 1 hold - $35.00 each. 
Available in beige, green, orange and black. 
(List 1st, 2nd, and 3rd choices in colors for 
all above phones.) 
" M I N I W A L L " PHONES ( I T T ) W I T H 
TOUCH PAD available in pink, beige, green, 
black, blue, ivory and yellow. New $27.50 each. 
2 V O L T STORAGE BATTERY Polystyrene 
encased 2 volt rechargeable buttery rated nt 
20 amp hours. Each $2.50. 
FACSIMILE UNIT Transmitter and receiver. 
12" x 12" x 6". Used in many offices, sends 
2-way message complete with 00 cy power 
supplv, with conversion sheets. All for $14.95 ea. 
FAX PAPER 350 ft. mil $10.00. 
5 LEVEL TELEPRINTER TAPE READER 
Western Union Model 8C, 5 level tape render. 
Magnet tape advance good for high speeds. 
Excellent lor use with Electronics. Paralli-l-lo-
serial converter (transmitting dist.) Each $7.95. 
10 MM MOVIE CAMERA complete with F3.5 
lens. Magazine Load type motor driven only. 
Each $0.95. 
TOUCH PADS similar to Touch Tone pad - 12 
button, but manufactured by Automatic Electric, 
checked out $12.50 each. 
L I N E M A N BELTS complete with safety strap 
unpadded - $12.50, padded $17.50. State 
waist size, pole climbers, complete with pads 
and straps $12.50. 
FOR R T T Y HAMS « 8 MH COILS - 5 for $1.25. 
CV-89A/URA-8 CONVERTERS $99.50. 
CVS91 CONVERTERS - Used with R390A/ 
URR for single side band reception $75.00. 
URR-35 RECEIVER 225 to 400 MHz like-
new - $69.50. 
NOTE: Trendline and Miniwall Phones with 
ringers $4.50 additional, others $3.50. 
(List 1st, 2nd and 3rd choices in colon for 
nil above phones.) 

Terms 
Remit/inter in full or 25% deposit oil COD 
orders. All prices FOR Lux Arigc/i.-.*, California 
warehouse. Minim inn order $5.00. (i% tax for 
California residents. 

J. J. GLASS ELECTRONICS CO. 
1624 South Main Street 
Los Angeles, CA 90015 
213-749-1179 213-749-1170 
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HAM 
RADIO 
1976 

ham radio 
makes it BIG 
You won't believe 1976 at HAM 
RADIO. We'll be wearing our new 
BlA" x 11" format, a great new 
size with larger pictures, larger 
schematics and improved circuit 
layouts. 

There will be a great bonus as 
each page contains over 5 0 % 
more material. You'll find more to 
learn and more to enjoy each 
month from the NEW HAM RADIO. 

Look for great new columns 
which will make your amateur ac-
tivities more fun than ever before. 
Look for more bargains from our 
advertisers as they have the room 
to describe more of their products 
and in better detail. 

SOME SAD NEWS 
Yes, all of this is going to cost 

more, and a 3 0 % postal increase 
will not help a bit. it will cost less 
per article and less per idea, but 
the total cost just has to go up. 

ACT NOW & SAVE 
You can still have the new HAM 

RADIO at the old HAM RADIO cost. 
Just get your order in before Jan-
uary 1, 1976 and you'll be all set 
to go at today's price. 

hatn _ 
m W i m M m O G R E E N V I L L E , N.H. 0 3 0 4 8 

Please enter my 
• new • extension subscription 

• 1 YEAR ..,$ 8.00 

• 3 YEARS 18.00 

• LIFE 125.00 
These rates expire December 31, 1975 

N a m e _ _ _ Call 

Address 

City Zip 

wind direction and 
velocity meter 

Knowing wind speed and direction 
will allow you to trim that big beam 
antenna for minimum wind resistance 
when the next storm arrives. The model 
75C Brunswick Wind Set by TMAC Pro-
ducts consists of a wind-speed trans-
mitter, wind-direction transmitter, an 
indicator mounted in a handsome con-
sole, and all cables and mounting hard-
ware. The transmitter units are low pro-
file; the entire assembly measures only 
12-3/4 inches high by 24 inches long 
(53 by 61cm) and may be mounted on 
any convenient surface. 

The wind-speed transmitter consists 
of a dc generator coupled to a 51/z-inch 
(14cm) diameter, spherical cup rotor 
assembly mounted on a 1-inch (2.5cm) 
diameter pvc pipe support. Wind speed 
is indicated by a 6-inch (15cm) diam-
eter, 250-degree linear taut band pivot 
and jewel movement. Readout is in 
mph, with 1-mph divisions between 0 
and 100 mph inscribed in white against 
a contrasting background. 

The wind-direction transmitter uses 
hermetically sealed reed switches actu-
ated by a magnet in an environment-
protected, low-friction assembly. Wind 
direction is indicated by eight panel 
lamps, one at each cardinal compass 
point, located around the periphery of 
the wind-speed indicator. Intercardinal 
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compass points are indicated by the illu-
mination of two adjacent lamps. Thus, 
16 compass points may be indicated; at 
least one indicator lamp will be on at all 
times. The instrument is powered by 
110 V, 60-Hz. Price and additional in-
formation are available from T M A C Pro-
ducts, P.O. Box 28341 (Lincoln Village 
Branch), Columbus, Ohio 43228, or use 
check-off on page 142. 

miniature 
touch-tone encoders 

Data Signal has announced a new 
line of sol id-state crystal-controlled 
Touch-Tone encoders which use a 
C M O S encoder IC. Only % inch 
(6.5mm) thick, these self-contained 
units provide Touch-Tone capability to 
repeater stations or provide data entry. 
They are designed to be mounted di-
rectly on the side of hand-held port-
ables, on the front of mobile trans-
ceivers, or on the dashboard of vehicles. 
The circuitry is completely rf proof, and 
all electronics are contained within the 
keyboard. Keyboards with 12 Touch-
Tone digits are available in three sizes: 
2%x3 inches (57x76mm), 11/zx2 inches 
( 3 8 x 5 1 m m ) a n d 2x1 Vz inches 
(51x38mm). The 16-digit keyboard is 2 
inches (51mm) square. These keyboard 
encoders, type DTM, require only three 
external connections and are priced at 
$49.95. 

Also available from Data Signal is a 
sub-miniature Touch-Tone encoder and 
keyboard which is designed for use with 

NEW 
VHF POWER METERS 

27-450 MHz 

Continuous Frequency Coverage 

SPECIFICATIONS 
Model C1277 

Frequency Range 

Wattmeter Accuracy 

27-450 MHz 

10% FS 

Power Capability 
SSB 
CW 

Connectors 

50 Watts Entire Range 
50 Watts 100-225 MHz 
25 Watts 27-300 MHz 
15 Watts above 300 MHz 

Type "N" Standard 
(UHF op request) 

(Model C1297 Covers 30-250 MHz 

at 200 Watt Power Rating) 

Model C1277 $89.50 plus tax 
Model CI297 $89.50 plus tax 

Send for data sheet or order direct: 

WERLATONE INC. 
P. 0 . Box 2 5 8 
Brewster, N. Y . 10509 
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CLEAN SIGNAL 
ALL CHANNELS 

0 B UJ HI t o t i l Mr HI HI M til I W 

Actual Spectrum Analyzer Photograph 
of an RP Synthesized Radio 

ONLY RP GIVES YOU BOTH 
PLUS 

• SUPER ACCURACY ( . 0 0 0 5 % ) 
• FULL 2M FM COVERAGE 

144-148 MHz 
WORKS WITH MOST FINE AMATEUR 

OR COMMERCIAL GRADE RADIOS 

MFA-22 SYNTHESIZER 
SEND FOR 
FULL DETAILS Electronics 

810 DENNISON DRIVE 
BOX 1201 
CHAMPAIGN, IL 61820 
Phone: 217-352-7343 

DYCOMM for RF POWER 

ECHO III REPEATER MODEL 34 WATTMETER 

A49S0 A8949 

A COMPLETE LINE OF FM AMPLIFIERS 
modal — power output - gain — price 

8 METER FM 
A4950 • 50W • lOdb SI83. 
A4960 - SOW • 8db • $192, 

A8949 • 100W - 10db • $270, 
450 - UHF 

MODEL25 • 30W - 7db - ST67. 
MODEL 30 - 30W - 9db • SI94. 
MODE L 50 • 50W - 5db - $251. 

OTHER PRODUCTS 
CHO III FM REPEATER - $949. 

MODEL 34 WATTMETER • $70 

2 METER FM 
MODEL C - 25W - 4db • S69, 
MODEL D - 5 0 W - 7 d b - $99. 

SUPER D KIT - 80W • 3.5db • $60, 
MODEL DS • SOW • 3.5db - $139. 

MODEL E • 35W -10db - $80. 
SUPER E KIT • 40W -11db • $60. 
MODEL ES - 40W - 11db - $115. 

I0O- 100W-7db-$209. 
1-10-0 • 100W - 14db - $226. 

35-0 - 100W • 4db • $185. 

DYNAMIC 

COMMUNICATIONS 
948 AVE."E~ P.O.BOX 10116 

RIVIERA BEACH, FLA. 33404 
(305)844-1333 

hand-held fm transceivers. The encoder 
PC board measures a mere 0.8 by 1.2 
inch (20x30.5mm) and is easily installed 
inside hand-held transceivers. The key-
board is available in the same four styles 
mentioned above and can be mounted 
on the side of the transceiver. The 
Touch-Tone encoder and keyboard, 
type SME, is priced at $29.95. 

In addition to the DTM and SME 
keyboards and encoders, the major com-
ponents are also available for amateurs 
who want to build their own. The key-
board, choice of four styles, is $8.50. 
The digital Touch-Tone encoder with 
1-MHz HC-6/U crystal is $12.50 (en-
coder with slim 1-MHz crystal is 
$13.50). The miniature printed-circuit 
board is $2.50. If you purchase a key-
board, encoder and crystal, the PC 
board, and all resistors and capacitors 
are provided free of charge. 

For more information, write to Data 
Signal, Inc., 2212 Palmyra Road, 
Albany, Georgia 31701 or use check-off 
on page 142. 

dual-trace 
oscilloscope adapter 

A new RCA dual-tracer adapter that 
can be attached to any triggered or re-
current-sweep oscilloscope to update it 
to dual trace operation is now available. 

The RCA WM-541A Dual-Tracer 
Adapter provides two displays on a 
single-trace oscilloscope for simultane-
ous viewing of two signals. Applications 
of the new RCA instrument include 
comparison tests of gain, frequency, re-
sponse, distortion, phase shift, and time 
delay. In addition, the WM-541A can 
also be^sed to add additional traces to 
dual-trace oscilloscopes. 

Display modes included in the opera-
tion of the instrument are channel A 
only, channel B only, or both A and B 
channels simultaneously (chopped or 
alternate). The switching rate is continu-
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ously variable over a range designed to 
minimize flicker and beat interference. 

The RCA WM-541A has additional 
features which include ac or dc coupling 
and vertical position controls for both 
channels; separate, variable sync-level 
control with polarity reversing switch; a 
zener-regulated power supply and LED 
power-on indicator. The inputs and out-
puts are terminated with BNC connec-
tors for connection to the oscilloscope 
The latest cos/mos integrated circuitry 
is used for high performance operation. 
The instrument can be used from dc to 
10 MHz. 

The R C A WM-541A Dual-Tracer 
Adapter is priced at $108.00. An op-
tional WG-400A Direct/Low Capaci-
tance Probe and Cable is avai lable for 

$15.00. 
Addi t ional information on RCA 

Electronic Instruments is available from 
RCA Distributor and Special Products 
Division, 2000 Clements Bridge Road, 
Deptford, New Jersey 08096, or use 
check-off on page 142. 

corrosion-resistant 
vhf antenna 

Most mobile antennas include a stain-
less-steel whip but here is one that is 
built entirely of stainless steel, brass, 
and an elastomer compound. This unit 
has been developed to meet and over-
come two significant obstacles to an-
tenna performance — corrosion and the 
necessity for a ground plane. The con-
struction materials allow this popular 
model to live happily in a salt environ-
ment. The design has no need for a 
ground plane; this feature allows this 
unit to operate perfectly on a wood 
deck or fiberglass trunk lid. 

For further details on this high gain, 
almost indestructible antenna, write to 
Gam Electronics, Inc., 191 Varney 
Street, Manchester, N.H. 03102, or use 
check-off on page 142. 

NOW 
is the time to order 

YOUR 
9a 

Don't wait until 1975 is half 
over. Get your new Callbooks 
now and have a full year of the 
most up-to-date QSL Informa-
tion available anywhere. 
The new 1976 U. S. Callbook 
will have over 300,000 W & K 
listings. It will have calls, li-
cense classes, names and ad-
dresses plus the many valuable 
back-up charts and references 
you have come to expect from 
the Callbook. 
Specialize in DX? Then you're 
looking for the new, larger than 
ever 1976 Foreign Callbook with 
over 225,000 calls, names and 
addresses of amateurs outside 
of the USA. 

On dealer shelves now! 
Foreign Radio 

Amateur Callbook 
S S ^ i 1 DX Listings 

$12.95 
<-t i n , * k wIttl 

• « ' m ' A - < 3 Service 
li Editions 
U $18.95 

- v.; 

t.f 

United States 
Callbook 
All W A K 1 

Listings i 
$13.95 
with 
3 Service J 
Edit ions 1 A 

RADIO AMATEUR I • • • • _ 
INC, 

Dept. E 925 Sherwood Drive 
Lake Bluff, III. 60044 

Order from your favorite electronics 
dealer or direct from the publisher. All 
direct orders add SI.00 shipping and 
handling per Callbook. 
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THE TIGER 
15% Savings on Gas 

A Capacitive D ischarge Ignition system absolutely 
guaranteed NOT to i n t e r f e r e w i t h your radios & e q u a l l y 
g u a r a n t e e d to improve your auto's opera t ion a n d gas 
mi leage . 
No rewi re ing necessary. Eng ine cannot be d a m a g e d by 
improper i n s t a l l a t i o n . E i ther o f t h r e e models f i t s any 
vehicle or s t a t i o n a r y eng ine w i t h 12 vol t n e g a t i v e 
ground, a l t e r n a t o r or genera tor system. Uses s t a n d a r d 
coi l & d is t r ibu tor n o w on your entgine. Dual s w i t c h 
permits m o t o r w o r k or tune -up w i t h any s t a n d a r d test 
equ ipment . 

W r i t e for f r e e booklet t h a t not o n l y is th e BEST des-
cr ipt ion o f CD Is, but also explains th e need for such a 
system. Current prices assured t i l Jan . ' 7 6 . 

D-D ENTERPRISES 
JT*̂ * ®ox '27? S B I 

l l l f i i g ; Sail Francisco, CA 94119 I B i a i I 

SRI-200 

ftTTT TCHMINAL , , . Ifom SYSTEMS RESEARCH. INC. 
Voi/ may order the system complete - or any ol live modules 
whichever suites your needs best 
SRI-200. Terminal unit Need only be connected lo the output ol 
any RTTY converter and lo any monitor (either video or "RF> lo 
copy lolotype Price S399 ' Standard T V Sot 
SRI-210. Keyboard assembly Allows you to transmit RTTY by 
simply connecting the output ol the 210 lo any AFSK or FSK unit 
Price Si99 
SHt-220. Video display moroior Mounts on lop ol Ihe terminal to 
make a compact, desk lop unil — To be announced — 
SRI-230. RTTY converter board Plugs directly Into terminal main 
board Accepts audio Irom any receiver — To be announced — 
SRI-240. AFSK board Plugs directly ir.to keyboard assembly main 
board To bo announced 
All items assembled and tested Allow appron 60-90 days delivery 
time All items shipped post paid 
Send cash or check with order or use the following 

Mailer Charge • .... Interbank » _ 
BarkAmericard « 
Exp Dale 
Signature 

S Y S T E M S H E S E A R C H , I N C . 
PO Bo* 151280. Sail Lake City Utah 84115, (801) 942-1093 

synthesized 
scanning monitor 

The new Bearcat 101 is a totally 
synthesized, five-band scanning monitor 
featuring a re-programmable custom 
integrated circuit. In addition to receiv-
ing the low (30-50 MHz), high (148-174 
MHz) and uhf (450-470 MHz) bands, 
the unit will also receive the two-meter 
ham band (146-148 MHz) as well as uhf 
frequencies from 416 to 450 MHz. 

The nerve center of the Bearcat 101 
is provided by two exclusive, custom, 
large-scale ICs: one for scanning and the 
second for a non-volatile memory sys-
tem. With the memory chip, the radio 
retains all frequencies programmed — 
without the need for a battery. This fea-
ture allows users to order sets fully pro-
grammed with frequencies and assures 
program retention, even if the unit is 
unplugged or if there is a power outage. 

The Bearcat 101 scans 16 channels. 
Individual lock-out switches are pro-
vided for each channel; these are also 
used in programming frequencies. Chan-
nel indicators are light-emitting diodes, 
providing a scan rate in excess of 20 
channels-per-second. Selective Scan De-
lay, a new feature, permits the listener 
to remain on a channel for one second 
longer, in case of a reply on a simplex 
channel. The Bearcat Selective Scan De-
lay system permits delay on just those 
channels desired. Sensitivity in the low 
and high bands is measured at 0.6 /tV; 
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on the uhf bands, it typically ranges 
from 0.6 to 0.9 / iV. A six-pole crystal 
filter offers 70 dB of i-f selectivity. 

For more information, write to the 
Electra Company, Cumberland, Indiana 
46229, or use check-off on page 142. 

precision low-noise 
op amp 

It isn't often that a precision, low 
noise, ultra-stable, high gain operation 
amplifier is put into production, and 
when one is, the cost is usually very 
high. Not so wi th a new state-of-the-art 
amplifier developed by National Semi-
conductor. Called the LH0044, the new 
operational amplifier includes all of 
these features plus low cost. 

The LH0044 precision operational 
amplifier is intended to replace modules 
and chopper-stabilized monolithic am-
plifiers and is particularly well-suited for 
differential mode, inverting, and non-
inverting mode applications that require 
very low initial offset, low offset dr i f t , 
very high gain and high power supply 
rejection ratio. In addition, the low 
initial offset and offset dr i f t of the 
LH0044 eliminate costly and time-
consuming null adjustments. 

Specifications include an input offset 
voltage less than 25 microvolts, long 
term stability better than ±1 microvolt 
per month, a maximum offset dr i f t of 
only 0.5 microvolts/°C, and a noise level 
lower than 0.7 microvolts peak-to-peak 
from 0.1 to 10 hertz. Other perform-
ance features include a CMRR and 
PSRR of 120 dB minimum, open-loop 
gain greater than 120 dB, and a com-
mon mode range wider than ±13 volts. 
The power supply range is f rom ±2 volts 
to ±20 volts. 

For more information, write to 
National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, 
California 95051, or use check-off on 
page 142. 

TROPICAL 
HAMBOREE 
JANUARY 24 25,1976 
(M IAMI B A Y F R O N T AUDITORIUM) 

MIAMI, FLORIDA 
Plan NOW for that mid-winter 
break in sunny Miami—at the 
one and only Tropical Ham-
bo reel 

Check your travel agent for new 
big discount air fares from most 
northern cities. 
• HR Microprocessor Seminar 
• More manufacturer's exhibits 
• Largest indoor flea market 
• Latest ARRL Board Meeting 

news at AR RL Forum 
• SET station on the air 
• Y L / X Y L activities, so bring 

her along! 

REGISTRATION-STILL T 
FOR SPECIAL HOTEL RATES 
AND MORE INFORMATION 

WRITE: 

DADE RADIO CLUB 
P.O. Box 520073 

Miami, Florida 33152 
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E E B Announces New Industrial Division 
HP SCOPES DC 
TEKTRONIX RECEIVERS AUDIO 
DEI COUNTERS VIDEO 
CEI SIGNAL GENERATORS HF/VHF/UHF 
GENERAL RADIO RECORDERS MICROWAVE 
ETC. SIGNAL CONDITIONING TELEMETRY 

POWER SUPPLIES 
If your organization has test equip, requirements call or 
write EEB. Inquiries welcomed. 

This Month's Special: frtfdhpiay7Jntit"aflofpuesce 
e^^^ma with 6217 Rcvr (below). 

Raca l ' s price $3775. 
• * • * • • EEB's price 

now In factory cartons $765 
RACAL 6217 • Receiver 

" O • » ^ * • 1-30 MHz, SSB /FM/AM 
, T T . A H M i f e Z ' X -2 to 13 kHz BW - Re-
L ^mw m, - c o n d i t i 0 ned. $1975.00 

CLOSE OUT SPECIAL - $19.95 3 ! ® , a s t 

ARR-52 SOLID STATE VHF RECEIVER 
Easily converted to 2-meter FM. Now 
set for 163-173 MHz, 16 channels. 
Includes schematic diagram and con-
version details. As described in the 
Surplus Sidelights Column, (Pg. 58 
Oct. CO). 
OVER 400 SOLD 
BankAmericard & COD Welcome 

Electronic Equipment Bank, Inc. 
516 Mill Street, N.E. Vienna, Virgina 22180 

(703) 938-3350 

NOW Open every nite until 9:00 p.m.! 
If you're a HAM and live or travel 
in New England, you'll eventually 
discover us. Why wait? Come in 
now and let us assist you in your 
equipment selection. 

NEW ENGLAND'S HAM HDQTRS. 
Sells & Services: 

ATLAS NEWTRONICS 
B0MAR CRYSTALS REGENCY 
CUSHCRAFT STANDARD 
DUPLEXER KITS TEN-TEC 
EMERGENCY BEACON VHF ENG. 
ITC MANY OTHERS 

Our large inventory also includes 
kits, amateur radio publications and 
the largest selection of used equip-
ment in the Boston area. 
Our business is devoted entirely to 
Amateur Radio! 

TUPTS 
RADIO ELECTRONICS 

386 MA IN STREET 
MEDFORD, MASS. 02155 

3000-volt silicon 
rectifiers 

Electronic Devices has announced 
the development of a miniaturized, high 
voltage, high current silicon rectifier 
diode with a surge capacity of 300 
amperes. The rectifier is an axial lead 
type. Electrical specifications for the 
series 3W3 diode are 3000 peak reverse 
voltage, 2 amp rating with 300 amp 
surge capacity. Two other similar de-
signs are available with peak reverse 
voltages of 2000 and 2500 volts. Fast 
recovery types are also available. The 
exceptionally high surge capability and 
small size of these rectifiers results from 
a special diffusion process and larger junc-
tion with lower forward voltage drop. 

For complete information, write to 
the Sales Manager, Electronic Devices, 
Inc., 21 Gray Oaks Avenue, Yonkers, 
New York 10710, or use check-off on 
page 142. 

tool catalog 
A free tool catalog describing over 

2500 individual items is offered by Jen-
sen Tools and Alloys. "Tools for Elec-
tronic Assembly and Precision Mech-
anics" is a 112-page handbook of partic-
ular interest to amateurs, electronic 
technicians, engineers, scientists, and in-
strument mechanics working on fine 
assemblies. Section headings include 
screwdrivers, wrenches, pliers, tweezers, 
files, shears, knives, microtools, relay 
tools, power tools, metalworking tools, 
wire strippers, soldering equipment, 
lighting and optical equipment, work 
holders, test equipment, engineering and 
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drafting supplies and electronic chem-
icals. New sections include metric tools, 
books, and wire wrapping tools. A 
15-page tool kit section features the 
world famous Jensen kits for field 
engineers and kit builders. 

Another important feature of the 
catalog is the inclusion of four pages of 
technical data on tool selection. These 
pages include sections on screwdriver 
selection, machine screw data, tool 
materials, metal conducitivity, color 
coding, wire and insulation data, solder-
ability of metals, temperature conver-
sion, drill sizes, metal gauges, metric 
conversion and safety. Five pages of 
"Tool Terms" are also included. 

A free copy of the Jensen catalog 
may be obtained by writing to Jensen 
Tools and Alloys, 4117 North 44th 
Street, Phoenix, Arizona 85018, or by 
using check-off on page 142. 

contact cement 

Industrial strength Zipbond contact 
cement bonds most materials almost 
instantly. It is easy to use, with no 
pre-mixing necessary, and is used di-
rectly from the squeeze applicator bot-
tle (production-line dispenser also avail-
able). No heat or pressure treatment is 
needed, and Zipbond sets up quickly at 
room temperature. 

Zipbond is impervious to most chem-
icals, weather and temperatures. Its 
bonding strength is not affected by 
most solvents. Low viscosity allows Zip-
bond to seep into tiny spaces most ad-
hesives can't penetrate. It is very econom-

Isn't it time you 
had another 
choice in 
electronic kits? 
Introducing... 
the other 
choices: 

m 
ELECTRONIC 

KITS 
Over 150 easy-to-buikl, 
Ngh-quaBty electronic kits for 
the hobbyist, experimenter, 
technician and engineer 

Hi-fi, automotive, CB, 
amateur racfio, security alarms, 
logic devices, test equipment, 
musical instrument 
accessories, 
equipment cabinets. 

164 kits of fer ing better value, 
greater choice than any other 
kits avai lable today. For free 
catalog, write: 

Amtroncraft Kits Ltd. 
1 West 13th St., 

New York, N.Y. 10011 
(212) 255-2362 
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K-ENTERPR ISES 

f 

250 MHz FREQUENCY COUNTER 
MODEL 4X6C 

(includes temp, compensated oscillator — 
.0005% from - 3 0 * to +60 'CO 

SPECIFICATIONS 

Frequency Range 500 kHz - 250 MHz 
Sensitivity Less than 80 mV at 150 MHz 
Input Z 50 ohms 
Max. Input Voltage 1 5V rms. 50 V dc 
Time Base Crystal Clock plus-minus 10 ppm 

0°C to 40°C ambient 
Readout 6 Digit 7 Segment LED 
Power 120 Vac 
Dimensions 2'/«" H, 10" L. 7" D 
Cabinet Light blue 

PRICE $270.00 fob Shawnee 
(Wired and Tested) 

Include $2.50 to cover 
Postage and Insurance 

K - E N T E R P R I S E S 
1401 East Highland • Shawnee, OK 74801 

We're Fighting Inflation 
No Price Rise for 76 
FOR FREQUENCY STABILITY 
Depend on JAN Crystals. Our large slock of quarlz 
crystal materials and components assures Fast 
Delivery Irom us1 

^Mio Crystals for 
MONITOR 

RECEIVERS RADIO 

CRYSTAL SPECIALS 
Frequency Slandards 

100 KHz (HC 13'U) $4.50 
1000 KHz (HC 6MJ) 4.50 

Almost all CB sets. TR or Rec $2,50 
(CB Synthesizer Cryslal on request) 

Amateur Band in FT-243 ea $1.50 
4/55.00 

80-Meter $3.00 (160-meter not avail.) 

For 1st class mail, add 20' per crystal. For Airmail, 
add 25* Send check or money order. No dealers, 
please 

CRYSTALS 

Div. of Bob Whan It Son Electronics, Inc. 
2400 Crystal Or.. Pi. My«rs. Fla. 33901 
All Phones: (813) 938-2397 
Send 10* lor new catalog 

ical, as one drop covers a 1 inch square 
area to form a colorless transparent 
bond. For more information write to 
Instrument Division, Tescom Corpora-
tion, 2600 Niagara Lane North, Minne-
apolis, Minnesota 55441, or use check-
off on page 142. 

audio power amplifier 
A new 40-watt (20 watt rms) B 

high-fidelity amplifier with total har-
monic distortion of 0.2 per cent at 15 
watts output is now available from 
Plainview Electronic Supply. This class 
B, quasi-complimentary amplifier is 
capable of delivering full output power 
into a standard 8-ohm speaker with a 
500 mV input signal. Supply voltage can 
be +36 volts or ±18 volts. Frequency 
response is from dc to 80 kHz. 

The hybrid amplifier is designed for 
use in communications, stereo, public 
address and intercom systems, and is 
priced at $10.65 in small quantities. For 
more information, write to Bernard 
Erde, Marketing Manager, Plainview 
Electronic Supply, 7 Gordon Avenue, 
Plainview, New York 11803, or use 
check-off on page 142. 

transformer catalog 
Triad's new Catalog of Transformers, 

Inductors, Power Supplies and Circuit 
Cards, is now available. The 52-page cat-
alog covers more than 30 categories of 
transformers, including autoformers, 
bridging, driver, input, interstage line 
matching and voltage correction. The in-
ductor section of the catalog lists audio 
and filter reactors, high Q reactors, tone 
control and toroidal inductors. 

These components are available from 
44 Triad-Utrad representatives and dis-
tributors worldwide. Catalog requests 
should be addressed to Steve Fisher. 
General Manager, Triad-Utrad Distribu-
tor Services, 305 N. Briant Street, Hunt-
ington, Indiana 46750, or use check-off 
on page 142. 
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ham radio 
cumulative index 

1966-1975 
antennas and 
transmission lines 
general 
Antenna control, automatic azimuth/elevation 

for satellite communicat ions 
W A 3 H L T p. 26, Jan 75 
Correction p. 58, Dec 75 

Antenna d imens ion (HN) 
W A 9 J M Y p. 66, Jun 70 

Antennas and capture area 
K 6 M I O p. 42, Nov 69 

Antenna and control-link calculations for 
repeater l icensing 
W 7 P U G p. 58, Nov 73 
Short circuit p. 59, Dec 73 

Antenna and feedline facts and fallacies 
W5JJ p. 24, May 73 

Antenna design, programmable 
calculator simplifies (HN) 
W3DVO p, 70, May 74 

Antenna gain, measur ing 
K6JYO p. 26, Jul 69 

Antenna switching, solid-state 
W2EEY p. 30, Nov 68 

Anti-QRM methods 
W3FQJ p. 50, May 71 

Bridge for antenna measurements, s imple 
W2CTK p. 34, Sep 70 

Cubical quad measurements 
W4YM p. 42, Jan 69 

Oipole center insulator (HN) 
W A 1 A B P p. 69, May 69 

Divers i ty r e c e i v i n g s y s t e m 
W2EEY p. 12, Dec 71 

D u m m y load and rf wattmeter, low-power 
W 2 0 L U p. 56, Apr 70 

Dummy loads, experimental 
W8YFB p. 36, Sep 68 

D u m m y load, low-power vhf 
W B 9 D N I p, 40, Sep 73 

Effective radiated power (HN) 
V E 7 C B p. 72, May 73 

Feedpoint impedance characteristics 
of practical antennas 
W5JJ p. 50, Dec 73 

Filters, tow-pass, for 10 and 15 
W2EEY p. 42, Jan 72 

Gain vs antenna height, calculating 
W B 8 I F M p. 54, Nov 73 

GDO, new uses for 
K2ZSQ p. 48, Dec 68 

Grounding, safer (letter) 
WA5KTC p. 59, May 72 

Ground rods (letter) 
W 7 F S p. 66, May 71 

Ground systems, vertical antenna 
W7LR p. 30, May 74 

Headings, beam antenna 
W6FFC p. 64. Apr 71 

Hook, line 'n sinker (HN) 
WA4NEQ p. 76, Sep 68 

Horizontal or vertical (HN) 
W7IV p. 62, Jun 72 

Impedance measurements, nonresonant antenna 
W 7 C S D p. 46, Apr 74 

Insulators, homemade antenna (HN) 
W72C p. 70, May 73 

Isotropic source and practical antennas 
K6FD p. 32, May 70 

Measurement techniques for antennas 
and t ransmiss ion lines 
W40Q p. 36, May 74 

Measur ing antenna gain 
K6JYO p. 26, Jul 69 

Mobi le mount, rigid (HN) 
V E 7 A B K p. 69, Jan 73 

Power in reflected waves 
Woods p. 49, Oct 71 

Reflected power, some reflections on 
VE3AAZ p. 44, May 70 

Reflectometers 
K1YZW p. 65, Dec 69 

Rf current probe (HN) 
W 6 H P H p. 76, Oct 68 

Rf power meter, (ow-levet 
W5WGF p. 58, Oct 72 

Samp l i ng network, rf — the milli-trap 
W6QJW p. 34, Jan 73 

Smith chart, how to use 
W1DTY p. 16, Nov 70 
Correction p. 76, Dec 71 

Standing-wave ratios, importance of 
W 2 H B p. 26, Jul 73 
Correction (letter) p. 67, May 74 

Time-domain reflectometry, practical 
experimenter 's approach 
W A 0 P I A p. 22, May 71 

T-R switch 
K 3 K M O p. 61, Apr 69 

Voltage-probe antenna 
W1DTY p. 20, Oct 70 

high-frequency antennas 
All band antenna portable (HN) 

W 2 I N S p. 68, Jun 70 
All-band phased-vertical 

W A 7 G X O p. 32, May 72 
Antenna, 3.5 MHz, for a small lot 

W6AGX p. 28, May 73 
Antenna potpourri 

W3FQJ p. 54, May 72 
Antenna sy s tems for 80 and 40 meters 

K6KA p. 55, Feb 70 
Army loop antenna — revisited 

W3FQJ p. 59, Sep 71 
Added notes p. 64, Jan 72 

Beam antenna, improved triangular shaped 
W 6 D L p. 20, May 70 

Beam for ten meters, economical 
W1FPF p. 54, Mar 70 

Beverage antenna 
W3FQJ p. 67, Dec 71 

Big beam for 10 meters 
VE1TG p. 32, Mar 68 

Bobtail curtain array, forty-meter 
VE1TG p. 58. Jul 69 

Coaxial dipole, multiband (HN) 
W 4 B D K p. 71, May 73 

Compact antennas for 20 meters 
W 4 R 0 S p. 38, May 71 
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Converted-vee, 80 and 40 meter 
W6JKR p. 18, Dec 69 

Cubical quad antenna design parameters 
K6QPZ p. 55, Aug 70 

Cubical-quad antennas, mechanical design of 
VE3I I p. 44, Oct 74 

Cubical-quad antennas, unusual 
W1DTY 

Cubical quad, three-band 
W 1 H X U 

Curtain antenna (HN) 
W4ATE 

Dipole, all-band tuned 
ZS6BT 

Dipole antennas on non-harmonic 
frequencies (HN) 
W2CTK p. 72. Mar 69 

Dipole beam 
W3FQJ p. 56, Jun 74 

Dipole pairs, low S W R 
W6FPO p. 42, Oct 72 

Dipole sloping inverted-vee 
W6NIF p. 48, Feb 69 

Double bi-square array 
W6FFF P 32, May 71 

Dual-band antennas, compact 
W6SA I p. 18, Mar 70 

DX antenna, single-element 
W6FHM p. 52, Dec 72 
Performance (letter) p. 65, Oct 73 

Folded mini-monopole antenna 
W6SA I P- 32, May 68 

Four-band wire antenna 
W3FQJ p. 53, Aug 75 

Ground-plane, multiband (HN) 
JA1QIY P. 62, May 71 

Groundplane, three-band 
LA1EI P 6. May 72 
Correction P- 91. Dec 72 
Footnote (letter) p. 65. Oct 72 

High-frequency amateur antennas 
W2WLR p. 28, Apr 69 

High-frequency diversity antennas 
W2WLR P- 28, Oct 69 

Horizontal antennas, optimum height for 
W7LR P- 40, Jun 74 

Horizontal antennas, vertical radiation patterns 
WA9RQY P- 58, May 74 

Inverted-vee antenna (letter) 
WB6AQF P. 66, May 71 

Inverted-vee antenna, modified 
W2KTW P- 40, Oct 71 

Large vertical, 160 and 80 meters 
W7IV p. 8. May 75 

Log-periodic antenna, 14, 21 and 28 MHz 
W4AEO P. 18, A u g 73 

Log-periodic antennas, 7-MH2 
W4AEO P- 16, May 73 

Log-periodic antennas, feed system for 
W4AEO p. 30, Oct 74 

Log periodic antennas, graphical design 
method for 
W4AEO p. 14, May 75 

Log-periodic antennas, vertical 
monopote, 3.5 and 7.0 M H * 
W4AEO P- 44, Sep 73 

Log-periodic beams, improved (letter) 
W4AEO p. 74, May 75 

Log-periodic beam, 15 and 20 meters 
W4AEO p. 6, May 74 

Log periodic feeds (letter) 
W4AEO p. 66, May 74 

Log-periodic, three-band 
W4AEO P- 28, Sep 72 

Long-wire multiband antenna 
W3FQJ P. 28, Nov 69 

Loop receiving antenna 
W 2 I M B P. 66, May 75 
Correction P- 58, Dec 75 

Low-mounted antennas 
W3FQJ P. 66, May 73 

Mobile antenna, helically wound 
ZE6JP P- 40, Dec 72 

Mono-loop antenna (HN) 
W8BW P- 70, Sep 69 

Multiband dipoles for portable use 
W6SA I P- 12, May 70 

Phased array, electrically-controlled 
W5TRS P- 52, May 75 

Phased vertical array, four-element 
W8HXR P- 24, May 75 

Quad antenna, multiband 
DJ4VM P- 41, Aug 69 

Receiving antennas 
K6ZGQ p. 56, May 70 

Satellite antenna, simple (HN) 
WA6PXY P 59, Feb 75 

Shunt-feed systems for grounded vertical 
radiators, how to design 
W40Q P- 34, May 75 

Simple antennas for 40 and 80 
W 5 R U B P- 16, Dec 72 

Simple 1-, 2- and 3-band antennas 
W9EGQ P . 54, , Jul 68 

Sloping dipoles 
W 5 R U B P- 19, Dec 72 
Performance (letter) P- 76, May 73 

Small-loop antennas 
W4YOT P- 36, May 72 

Stub bandswitched antennas 
P-

W2EEY p. 50, , Jul 69 
Suitcase antenna, high-frequency 

VK5B I P- 61, May 73 
Tailoring your antenna, how to 

K H 6 H D M P- 34, May 73 
Three-band ground plane 

W 6 H P H P- 32. Oct 68 
Triangle antennas 

W3FQJ P 56, Aug 71 
Triangle antennas 

W6K IW p 58, May 72 
Triangle antennas (letter) 

K4ZZV p. 72, Nov 71 
Triangle beams 

W3FQJ P- 70, Dec 71 
Unidirectional antenna for the low-frequency 

bands 
GW3NJY P- 61. Jan 70 

Vertical antenna radiation patterns 
VJ7LR P 50, Apr 74 

Vertical antenna, low-band 
W4 IYB P . 70, Jul 72 

Vertical antenna, three-band 
W9BQE P- 44, May 74 

Vertical antennas, improving performance of 
K6FD P- 54, Dec 74 

Vertical antennas, performance characteristics 
W7LR P- 34, Mar 74 

Vertical beam antenna, 80 meter 
VE1TG P- 26, May 70 

Vertical dipole, gamma-loop-fed 
W6SA I P- 19, May 72 

Vertical for 80 meters, top-loaded 
W 2 M B P- 20, Sep 71 

Vertical radiators 
W40Q P- 16, Apr 73 

Vertical, top-loaded 80 meter 
VE1TG P- 48, Jun 69 

Vertical-tower antenna system 
W40Q P- 56, May 73 

Whips and loops as apartment antennas 
W2EEY P- 80, Mar 68 

Windom antenna, four-band 
W4VUO P- 62, Jan 74 
Correction (letter) P- 74, Sep 74 

Zepp antenna, extended 
W6QV I P- 48. Dec 73 

160-meter loop, receiving 
K6HTM P 46, May 74 

160 meters with 40-meter vertical 
W 2 1 M B P- 34, Oct 72 

p. 6, May 70 

p. 22, Jul 75 

p. 66, May 72 

p. 22, Oct 72 
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vhf antennas 
Antennas for satellite communications, simple 

K4GSX p. 24, May 74 
Circularly-polarized ground-plane 

antenna for satellite communications 
K4GSX p. 28, Dec 74 

Collinear antenna for two meters, nine-element 
W6RJO p. 12, May 72 

Collinear antenna (letter) 
W6SAI p. 70, Oct 71 

Collinear array for two meters, 4-element 
WB6KGF p. 6, May 71 

Collinear antenna, four element 440-MHz 
WA6HTP p. 38, May 73 

Collinear, six meter 
K4ERO p. 59, Nov 69 

Comer reflector antenna, 432 MHz 
WA2FSQ p. 24, Nov 71 

Cubical quad, economy six-meter 
W6DOR p. 50, Apr 69 

Ground plane, 2-meter, 0.7 wavelength 
W3WZA p. 40, Mar 69 

Ground plane, portable vhf (HN) 
K9DHD p. 71, May 73 

J-pole antenna for 6-meters 
K4SDY p. 48, Aug 68 

Log-periodic, yagi beam 
K6RIL, W6SAI p. 8, Jul 69 
Correction p. 68, Feb 70 

Microwave antenna, Low-cost 
K6HIJ p. 52, Nov 69 

Mobile antenna, magnet-mount 
W1HCI p, 54, Sep 75 

Mobile antenna, six-meter (HN) 
W4PSJ p. 77, Oct 70 

Maonbounce antenna, practical 144-MHz 
K6HCP p. 52. May 70 

Parabolic reflector antennas 
VK3ATN p. 12. May 74 

Parabolic reflector element spacing 
WA9HUV p. 28, May 75 

Parabolic reflector gain 
W2TQK p. 50, Jul 75 

Parabolic reflectors, finding the focal length (HN) 
WA4WDL p, 57, Mar 74 

Parabolic reflector, 16 faot homebrew 
WB6IOM p. 8, Aug 69 

<Juad-yagi arrays. 432- and 1296-MHz 
W3AED p. 20, May 73 
Short circuit p. 58, Dec 73 

Simple antennas, 144-MHz 
WA3NFW p. 30, May 73 

Switch, antenna for 2 meters, solid-state 
K2ZSQ p. 48, May 69 

Two'meter antenna, simple (HN) 
W6BLZ p. 78, Aug 68 

Two-meter fm antenna (HN) 
WB6KYE p. 64, May 71 

Two-meter mobile antennas 
W6BLZ P- 76, May 68 

Vertical antennas, truth about %-wavelength 
K0POK p. 48, May 74 
Added note (letter) p. 54, Jan 75 

Vhf antenna switching without relays (HN) 
K2ZSQ p, 76, Sep 68 

Whip. 5/8-wave, 144 MHz (HN) 
VE3DPD p. 70, Apr 73 

Vagi. 1296-MHz 
W2GQH p. 24, May 72 

IQ-GHz dielectric antenna (HN) 
WA4WQL p. 80, May 75 

144-MHz vertical, %-wavelength 
K6KLO p. 40. Jul 74 

144-MHz antenna, s/8-wavelength 
built from CB mobile Whip (HN) 
WB4WSU p. 67, Jun 74 

432.MHz OSCAR antenna (HN) 
WUAA p, 58. Jul 75 

1296<MHz Yagi array 
W3AED p. 40, May 75 

matching and tuning 
Antenna coupler for three-band beams 

ZS68T p. 42, May 72 
Antenna coupler, six-meter 

K1RAK p. 44, Jul 71 
Antenna impedance transformer for 

receivers (HN) 
W6NIF p. 70, Jan 7Q 

Antenna matcher, one-man 
W4SD p. 24, Jun 71 

Antenna tuner adjustment (HN) 
WA4MTH p. 53, Dec 75 

Antenna tuner, automatic 
WA0AQC p. 36, Nov 72 

Antenna tuner, medium-power toroidal 
WB2ZSH p. 58, Jan 74 

Antenna tuner for optimum power transfer 
W2WIR p. 28, May 70 

Antenna tuners 
W3FQJ p. 58, Dec 72 

Antenna tuning units 
W3FQJ p. 58, Jan 73 

Balun, adjustable for yagi antennas 
W6SAI p. 14, May 71 

Balun, Simplified (HN) 
WA0KKC p. 73, Oct 69 

Baluns, wideband bridge 
W6SAI, WA6BAN p. 28, Dec 68 

Broadband Antenna Baluns 
W6SAI p. 6, Jun 68 

Couplers, random-length antenna 
W2EEY p. 32, Jar 70 

Gamma-match capacitor, remotely controlled 
K2BT p. 74, May 75 

Gamma-matching networks, how to design 
W7ITB R, 46, May 73 

Impedance bridge, low-cost RX 
W8YFB p. 6, May 73 

Impedance-matching baluns, open-wire 
W6MUR p, 46, Nov 73 

Impedance-matching systems, designing 
W7CSD p. 58, Jul 73 

Loads, affeot of mismatched transmitter 
W5JJ p. 60, Sep 69 

Matching, antenna, two-band with stubs 
W6MUR p. 18. Oct 73 

Matching system, two-capacitor 
W6MUR p. 58, Sep 73 

Measuring complex impedance With swr bridge 
VYB4KSS p. 46, May 75 

Mobile transmitter, loading 
W4YB p. 46, May 72 

Noise bridge, antenna 
WB2E.GZ p. 18, Dec 70 

Noise bridge, antenna (HN) 
K8EEG p. 71, May 74 

Noise bridge for impedance measurements 
YA1GJM p. 62, Jan 73 
Added notes p, 66, May 74; p. 60, Mar 75 

Phase meter, rf 
VE2AYU, Korth p. 28, Apr 73 

Quadrifilar toroid (HN) 
W9LL p. 52, Dec 75 

Stub-switched, stub-matched antennas 
W2EEY p, 34. Jan 69 

Swr alarm circuits 
W2EEY p, 73, Apr 70 

Swr bridge 
WB2ZSH p. 55, Oct 71 

Swr bridge and power meter, integrated 
W6DQB p. 40. May 70 

Swr bridge readings (HN) 
W6FPQ p. 63, Aug 73 

Swr meter 
W6VSV p, 6, Oct 70 

Transmatoh, five-ta-one 
W7tV p, 54, May 74 

Transmission lines, grid dipping (HN) 
W2QLU p. 72. Feb 71 

Transmission lines, uhf 
WA2VTR B. 36, May 71 
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Uhf coax connectors (HN) 
W 0 L C P p. 70, Sep 72 

towers and rotators 
Antenna and rotator preventive maintenance 

WA1ABP p. 66, Jan 69 
Antenna mast, build your own tilt-over 

W6KRT p. 42, Feb 70 
Correction p. 76, Sep 70 

Az-el antenna mount for satellite 
communications 
W2LX p. 34, Mar 75 

Cornell-Dubilier rotators (HN) 
K6KA p. 82, May 75 

Keeping your beam, tips for 
W6BLZ p. 50, Aug 68 

Pipe antenna masts, design data for 
W3MR p, 52, Sep 74 
Added design notes (letter) p. 75, May 75 

Rotator, AR-22, fixing a sticky 
WA1ABP p. 34, Jun 71 

Rotator, T-45, Improvement (HN) 
W A 0 V A M p. 64, Sep 71 

Stress analysis of antenna systems 
W2F2J p. 23, Oct 71 

Telescoping tv masts (HN) 
W A 0 K K C p. 57, Feb 73 

Tiitover tower base, low-cost 
WA1ABP p. 86, Apr 68 

Tilt-over tower uses extension ladder 
W5TRS p. 71, May 75 

Tower, homemade tilt-over 
WA3EWH p. 28, May 71 

Tower, wind-protected crank-up 
(HN) p. 74, Oct 69 

Wind loading on towers and antenna 
structures, how to calculate 
K4KJ p. 16, Aug 74 
Added note p. 56, Jul 75 

audio 

transmission lines 
Coax cable dehumidifier 

K4RJ p. 26, Sep 73 
Coax connectors, repairing broken (HN) 

W 0 H K F p. 66, Jun 70 
Coaxial cable, checking (letter) 

W20LU p. 68, May 71 
Coaxial cable connectors (HN) 

W A l A B P p. 71, Mar 69 
Coaxial-cable fittings, type-F 

K2MDO p. 44, May 71 
Coaxial cable supports (HN) 

W2GA p. 56, Jun 68 
Coaxial cable, what you know about 

W91SB p. 30, Sep 68 
Coaxial feedthrough panel (HN) 

W3URE p. 70, Apr 69 
Coaxial-line loss, measuring with reflectometer 

W2VCI p. 50, May 72 
Coax, Low-cost (HN) 

K6BIJ p. 74, Oct 69 
Coaxial transmission lines, underground 

W 0 F C H p. 38, May 70 
Impedance transformer, non-synchronous (HN) 

W5TRS p. 66, Sep 75 
Open-wire feedthrough insulator (HN) 

W4RNL p. 79, May 75 
Single feedline for multiple antennas 

K2ISP p. 58, May 71 
Solenoid rotary switches 

W2EEY p, 36, Apr 68 
Tuner, receiver (HN) 

WA7KRE p. 72, Mar 69 
Tuner, wall-to-wall antenna (HN) 

W20UX p. 56, Dec 70 
Uhf microstrip swr bridge 

W4CGC p. 22, Dec 72 

Audio age principles and practice 
WA5SNZ p. 28, Jun 71 

Audio amplifier and squelch circuit 
W6AJF p. 36, Aug 68 

Audio CW filter 
W7DI p. 54, Nov 71 

Audio filter, tunable, for weak-signal 
communications 
K6HCP p. 28, Nov 75 

Audio filters, aligning (HN) 
W4ATE p. 72, Aug 72 

Audio filters, inexpensive 
W8YFB p. 24, Aug 72 

Audio filter mod (HN) 
K6H ILL p. 60, Jan 72 

Audio module, a complete 
K4DHC p. 18, Jun 73 

Audio-oscillator module, Cordover 
WB2GQY p. 44, Mar 71 
Correction p. 80, Dec 71 

Audio transducer (HN) 
W A I O P N p. 59, Jul 75 

Binaural CW reception, synthesizer for 
W6NRW p. 46, Nov 75 

Compressor, dual channel 
W2EEY p. 40, Jul 68 

Distortion and splatter 
K5LLI p. 44, Dec 70 

Filter for CW, tunable audio 
WA1JSM p. 34, Aug 70 

Filter-frequency translator for cw reception, 
integrated audio 
W2EEY p. 24, Jun 70 

Filter, lowpass audio, simple 
OD5CG p. 54, Jan 74 

Filter, simple audio 
W4NVK p. 44, Oct 70 

Filter, tunable peak-notch audio 
W2EEY p. 22, Mar 70 

Filter, variable bandpass audio 
W3AEX p. 36, Apr 70 

Hang age circuit for ssb and CW 
W1ERJ p. 50, Sep 72 

Headphone cords (HN) 
W20LU p. 62, Nov 75 

Headphones, lightweight 
K6KA p. 34, Sep 68 

Impedance match, microphone (HN) 
WSJJ p. 67, Sep 73 

Intercom, simple (HN) 
W4AYV p. 66, Jul 72 

Microphone preamplifier with age 
Bryant p. 28, Nov 71 

Microphone, using Shure 401A with 
the Drake TR-4 (HN) 
G3XOM p. 68, Sep 73 

Microphones, muting (HN) 
W6IL p. 63, Nov 75 

Notch filter, tunable RC 
WA5SNZ p. 16, Sep 75 

Oscillator, audio, IC 
W6GXN p, 50, Feb 73 

Oscillator-monitor, solid-state audio 
WA1JSM p. 48, Sep 70 

Phone patch 
W8GRG p. 20, Jul 71 

Pre-emphasis for ssb transmitters 
OH2CD p. 38, Feb 72 

Rf clipper for the Collins S-line 
K6JYO p. 18, Aug 71 

Rf speech processor, s sb 
W2MB p. 18, Sep 73 

Speaker-driver module, IC 
WA2GCF p. 24, Sep 72 

Speech amplifiers, curing distortion 
Allen p. 42, Aug 70 

Speech clipper, IC 
K6HTM p. 18, Feb 73 
Added notes (letter) . jp. 64, Oct 73 
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Speech clippers, rf 
G6XN p. 26, Nov; p. 12, Dec 72 
Added notes p. 58, Aug 73; p. 72, Sep 74 

Speech clipping in single-sideband equipment 
K1YZW p. 22, Feb 71 

Speech clipping (letter) 
W3EJD p. 72, Jul 72 

Speech processing 
W1DTY p. 60, Jun 68 

Speech processing, principles of 
ZL1BN p. 28, Feb 75 
Added notes p. 75, May 75; p. 64, Nov 75 

Speech processor for ssb, simple 
K6PHT p. 22, Apr 70 

Speech processor, IC 
VK9GN p. 31, Dec 71 

Speech processor, logarithmic 
WA3FIY p. 38, Jan 70 

Squelch, audio-actuated 
K4MOG p. 52, Apr 72 

Tape head cleaners (letter) 
K 4 M S G p. 62, May 72 

Tape head cleaning (letter) 
Buchanan p. 67, Oct 72 

commercial equipment 
Alliance rotator improvement (HN) 

K6JVE p. 68, May 72 
Alliance T-45 rotator Improvement (HN) 

W A 0 V A M p. 64, Sep 71 
CDR AR-22 rotator, fixing a sticky 

WA1ABP p. 34, Jun 71 
CI egg 27B, S-meter for (HN) 

WA2YUD p. 61, Nov 74 
Collins receivers, 300-Hz crystal filter for 

W1DTY p. 58, Sep 75 
Collins S-line power supply mod (HN) 

W6IL p. 61, Jul 74 
Covins S-Jine, reducing warm-up drift 

W6VFR p. 46, Jun 75 
Collins S-line, rf clipper for 

K6JYO p. 18, Aug 71 
Correction p. 80, Dec 71 

Collins S-line spinner knob (HN) 
W6VFR p. 69, Apr 72 

Collins S-line transceiver mod (HN) 
W6VFR p. 71, Nov 72 

Collins 32S-3 audio (HN) 
K6KA p. 64, Oct 71 

Collins 32S-1 CW modification (HN) 
W1DTY p. 82, Dec 69 
Correction p. 76, Sep 70 

Collins 51J PTO restoration 
W6SAI p. 36, Dec 69 

Collins 70K-2 PTO, correcting mechanical 
backlash (HN) 
K9WEH p. 58, Feb 75 

Collins 75A4 avc mod (letter) 
W9KNI p. 63, Sep 75 

Collins 75A4 hints (HN) 
W6VFR p. 68, Apr 72 

Collins 75A4, increased selectivity for (HN) 
W1DTY p. 62, Nov 75 

Collins 75A-4 modifications (HN) 
W4SD p. 67, Jan 71 

Collins 75A4 PTO, making it perform like new 
W3AFM p. 24, Dec 74 

Collins 75A-4 receiver, improving overload 
response in 
W6ZO p. 42, Apr 70 
Short circuit p. 76, Sep 70 

Collins 75S frequency synthesizer 
W6NB I p. 8, Dec 75 

Collins R390A, improving the product detector 
W7DI p. 12, Jul 74 

Collins R390A modifications WA2SUT p. 58, Nov 75 

Comdel speech processor, increasing the 
versatility of (HN) 
W6SAI p. 67, Mar 71 

Comell-Dubilier rotators (HN) 
K6KA p. 82, May 75 

Drake R-4 receiver frequency 
synthesizer for 
W6NB I p. 6, Aug 72 
Modification (letter) p. 74, Sep 74 

Drake R-4C, electronic bandpass tuning in 
Horner p. 58, Oct 73 

Drake TR-4, using the Shure 401A 
microphone with (HN) 
G3XOM p. 68, Sep 73 

Drake W-4 directional wattmeter 
W1DTY p. 86, Mar 68 

Elmac chirp and drift (HN) 
W50ZF p. 68, Jun 70 

EX crystal and oscillator 
WB2EGZ p. 60, Apr 68 

Galaxy feedback (HN) 
WA5TFK p. 71, Jan 70 

Haliicrafters HT-37, increased sideband 
suppress ion 
W3CM p. 48, Nov 69 

Hammarlund HQ215, adding 160-meter 
coverage 
W2GHK p. 32, Jan 72 

Heath CA1, ten-minute timer from (HN) 
K8HZ p. 74, Jul 68 

Heath HG-10B vfo, independent keying of (HN) 
K4BRR p. 67, Sep 70 

Heath HM-2102 wattmeter, better 
balancing (HN) 
VE6RF p. 56, Jan 75 

Heath HM-2102 wattmeter mods (letter) 
K3VNR p. 64, Sep 75 

Heath HO-IO as RTTY monitor scope (HN) 
K9HVW p. 70, Sep 74 

Heath HW-7 mods, keying and receiver 
blanking (HN) 
WA5KPG p. 60, Dec 74 

Heath HW-12 on M A R S (HN) 
K8AUH p. 63, Sep 71 

Heath HW-16 keying (HN) 
W7D I p. 57, Dec 73 

Heath HW16, vfo operations for 
W B 6 M Z N p. 54, Mar 73 
Short circuit p. 58, Dec 73 

Heath HW-17A, perking up (HN) 
p. 70, Aug 70 

Heath HW-17 modifications (HN) 
WA5PWX p. 66, Mar 71 

Heath HW-100, HW-101, grid-current 
monitor for 
K4MFR p. 46, Feb 73 

Heath HW-100 incremental tuning (HN) 
K1GUU p. 67, Jun 69 

Heath HW-100, the new 
W 1 N L B p. 64, Sep 68 

Heath HW-100 tuning knob, loose (HN) 
VE3EPY p. 68, Jun 71 

Heath HW-101, using with a separate 
receiver (HN) 
W A 1 M K P p. 63, Oct 73 

Heath HW-202, adding private-line 
WA8AWJ p. 53, Jun 74 

Heath IM-11 vtvm, convert to IC voltmeter 
K6VCI p. 42, Dec 74 

Heath SB-100, using an outboard receiver 
with (HN) 
K4GMR p. 68, Feb 70 

Heath SB102 modifications (HN) 
W2CNQ p, 58, Jun 75 

Heath SB-102, rf speech processor for 
W6IVI p. 38, Jun 75 

Heath SB-200 amplifier, modifying for the 
8873 zero-bias triode 
W6UOV p. 32, Jan 71 

Heath SB-200 amplifier, six-meter conversion 
K l R A K p. 38, Nov 71 
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Heath SB-300, RTTY with 
W2ARZ p. 76, Jul 68 

Heath SB-303, 10-MHz coverage for (HN) 
W U E p. 61, Feb 74 

Heath SB-400 and SB-401, improving ale 
response in (HN) 
WA9FDQ p. 71, Jan 70 

Heath SB-610 as RTTY monitor scope (HN) 
K9HVW p. 70, Sep 74 

Heath SB-650 using with other receivers 
K2BYM p. 40, Jun 73 

Heath SB receivers, RTTY reception with (HN) 
K9HVW p. 64, Oct 71 

Heath SB-series crystal control and 
narrow shift RTTY with (HN) 
WA4VYL p. 54, Jun 73 

Heath ten-minute timer 
K6KA p. 75, Dec 71 

Heathkit Sixer, spot switch (HN) 
WA6FNR p. 84, Dec 69 

Heathkit, noise limiter for (HN) 
W7CKH p. 67, Mar 71 

Heathkit HW202, fm channel scanner for 
W7BZ p. 41, Feb 75 

James Research oscillator/monitor 
W1DTY p. 91, Mar 68 

James Research permaflex key 
W1DTY p. 73, Dec 68 

Kenwood TS-520 CW filter modification (HN) 
W7ZZ p. 21, Nov 75 

Knight-kit inverter/charger review 
W1DTY p. 64, Apr 69 

Knight-kit two-meter transceiver 
W1DTY p. 62, Jun 70 

Mini-mitter II 
W6SLQ p. 72, Dec 71 

Motorola channel elements 
WB4NEX p. 32, Dec 72 

Motorola Dispatcher, converting to 12 volts 
WB6HXU p. 26, Jul 72 
Short circuit p. 64, Mar 74 

Motorola fm receiver mods (HN) 
VE4RE p. 60, Aug 71 

Motorola P-33 series, improving 
WB2AEB p. 34, Feb 71 

Motorola receivers, op-amp relay for 
W6GDO p. 16, Jul 73 

Motorola voice commander, improving 
W 0 D K U p. 70, Oct 70 

Motrac Receivers (letter) 
K5ZBA p. 69, Jul 71 

Quement circular slide rule 
W2DXH p. 62, Apr 68 

Regency HR-2, narrowbanding 
WA8TMP p. 44, Dec 73 

Regency HR-212, channel scanner for 
WA0SJK p. 28, Mar 75 

SBE linear implfier tips (HN) 
WA6DCW p. 71, Mar 69 

SB301/401, Improved sidetone operation 
WIWLZ p. 73, Oct 69 

Signal One review 
W1NLB p. 56, May 69 

Spurious causes (HN) 
K6KA p. 66, Jan 74 

Standard 826M, more power from (HN) 
WB6KVF p. 68, Apr 75 

Swan television interference: an 
effective remedy 
W20UX p. 46, Apr 71 

Swan 120, converting to two meters 
K6RIL p. 8, May 68 

Swan 350 CW monitor (HN) 
K1KXA p. 63, Jun 72 
Correction (letter) p. 77, May 73 

Swan 350, receiver incremental tuning (HN) 
K1KXA p. 64, Jul 71 

Swan 350 and 400, RTTY operation (HN) 
WB2MIC p. 67, Aug 69 

Swan 250, update your (HN) 
K8ZHZ p. 84, Dec 69 

Telefax transceiver conversion 
K 0 Q M R p. 16, 

Ten-Tec Argonaut, accessory package for 
W7BBX p. 26, 

Ten-Tec RX10 communicators receiver 
W1NLB p. 63, 

T150A frequency stability (HN) 
WB2MCP 

Yaesu sideband switching (HN) 
W2MUU 

Yaesu spurious signals (HN) 
K6KA 
Units affected (letter) 

Yaesu FT101 clarifier (letter) 
K1NUN 

p. 70, 

p. 56, 

p. 69, 
p. 67, 

Apr 74 

Apr 74 

Jun 71 

Apr 69 

Dec 73 

Dec 71 
Oct 73 

p. 55, Nov 75 

construction 
techniques 
AC line cords (letter) 

W6EG p. 80, Dec 71 
A dab of paint, a drop of wax (HN) 

VE3BUE p. 78, Aug 68 
Aluminum's new face 

W4BRS p. 60, May 68 
Aluminum tubing, clamping (HN) 

WA9HUV p. 78, May 75 
Antenna insulators, homemade (HN) 

W7ZC p. 70, May 73 
APC trimmer, adding shaft to (HN) 

W1ETT p. 68, Jul 69 
Blower-to-chassis adapter (HN) 

K6JYO p. 73, Feb 71 
BNC connectors, mounting (HN) 

W9KXJ p. 70, Jan 70 
Capacitors, oil-filled (HN) 

W20LU p. 66, Dec 72 
Center insulator, dipoie 

WA1ABP p. 69, May 69 
Circuit boards with terminal inserts (HN) 

W3KBM p. 61, Nov 75 
Coaxial cable connectors (HN) 

WA1ABP p. 71, Mar 69 
Coax connectors, repairing broken (HN) 

W 0 H K F p. 66, Jun 70 
Coax relay coils, another use (HN) 

K0VQY p. 72, Aug 69 
Cold galvanizing compound (HN) 

W5UNF p. 70, Sep 72 
Color coding parts (HN) 

WA7BPO p. 58, Feb 72 
Component marking (HN) 

W1JE p. 66, Nov 71 
Deburring holes (HN) 

W2DXH p. 75, Jul 68 
Drill guide (HN) 

W5BVF p. 68, Oct 71 
Drilling aluminum (HN) 

W6IL p. 67, Sep 75 
Enclosures, homebrew custom 

W4YUU p. 50, Jul 74 
Exploding diodes (HN) 

VE3FEZ p. 57, Dec 73 
Ferrite beads 

W5JJ p. 48, Oct 70 
Files, cleaning (HN) 

Walton p. 66, Jun 74 
Ferrite beads, how to use 

KIORV p. 34, Mar 73 
Filter chokes, unmarked 

W 0 K M F p. 60, Nov 68 
Grommet shock mount (HN) 

VE3BUE p. 77, Oct 68 
Grounding (HN) 

W9KXJ p. 67, Jun 69 
Heat sinks, homemade (HN) 

WA0WOZ p. 69, Sep 70 
Homebrew art 

W 0 P E M p. 56, Jun 69 
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Hot etching (HN) 
K8EKG P- 66, Jan 73 

Hot wire stripper (HN) 
W8DWT P- 67, Nov 71 

IC lead former (HN) 
W5ICV P- 67, Jan 74 

IndaCtance, toroidal coil (HN) 
P-

W3WLX p. 26, Sep 75 
Industrial cartridge fuses, using (HN) 

VE3BUE P- 76, Sep 68 
Magnetic fields and the 736D (HN) 

W7DI P- 66, Sep 73 
Metric conversions for screw and 1 wire sizes 

W1DTY P- 67, Sep 75 
Miniature sockets (HN) 

Lawyer P- 84, Dec 69 
Minibox, cutting down to size (HN) 

W20UX P- 57, Mar 74 
Mobile installation, putting together 

W 0 F C H P- 36, Aug 69 
Mobile mount bracket (HN) 

W4NJF P- 70, Feb 70 
Modular converter, 144-MHz 

W6UOV P- 64, Oct 70 
Neutralizing tip (HN) 

ZE6JP P- 69. Dec 72 
Noisy fans (HN) 

W8IUF P- 70, Nov 72 
Correction (letter) P- 67, Oct 73 

Nuvistor heat sinks (HN) 
WA0KKC P- 57, Dec 73 

Parasitic suppressor (HN) 
WA9JMY P- 80, Apr 70 

Printed-circuit boards, cleaning (HN) 
W5BVF p. 66, Mar 71 

Printed-circuit boards, how to make 
K4EEU P 58, Apr 73 

Printed-circuit boards, low-cost 
W6CMQ P- 44, Aug 71 

Printed-circuit boards, low-cost 
W8YFB P. 16, Jan 75 

Printed-circuit boards, practical 
photofabrication of 
Hutchinson P . 6, Sep 71 

Printed-circuit labels (HN) 
WA4WDK P- 76, Oct 70 

Printed-circuit standards (HN> 
W6JVE P- 58, Apr 74 

Printed-circuit tool (HN) 
W2GZ p. 74, May 73 

Printed circuits without printing 
W4ZG P- 62, Nov 70 

Professional look, for that 
VE3GFN P- 74, Mar 68 

Punching aluminum panels (HN) 
W7DIM P. 57, Jun 68 

Rack and panel construction 
W70E P- 48, Jun 68 

Rack construction, a new approach 
K1EUJ P- 36, Mar 70 

Rectifier terminal strip (HN) 
W5PKK P- 80, Apr 70 

Restoring panel lettering <HN) 
W8CL P- 69, Jan 73 

Screwdriver, adjustment (HN) 
WA0KGS P- 66, Jan 71 

Silver plating for the amateur 
W4KAE P- 62, Dec 68 

Small parts tray (HN) 
W2GA P- 58, Jun 68 

Solder dispenser, simple (HN) 
W2KID P- 76, Sep 68 

Soldering aluminum (HN) 
ZE6JP P- 67, May 72 

Soldering fluxes (HN) 
K3HNP P- 57, Jun 68 

Soldering tip (HN) 
Lawyer P- 68, Feb 70 

Thumbwheel switch modification (HN) 
VE3DGX P- 56, Mar 74 

Tilt your rig (HN) 
WA4NED P- 58, Jun 68 

Toroids, plug-in (HN) 
K8EEG P. 60, Jan 72 

Transformers, repairing 
W6NIF P. 66, Mar 69 

Trimmers (HN) 
W5LHG P. 76, Nov 69 

Uhf coax connectors (HN) 
W 0 L C P P- 70, Sep 72 

Uhf hardware (HN) 
W6CMQ P- 76. Oct 70 

Underwriter's knot (HN) 
W1DTY P 69, May 69 

Vectorbord tool (HN) 
WA1KWJ P- 70, Apr 72 

Volume controls, noisy, temporary fix (HN) 
W9JUV P- 62, Aug 74 

Watercooling the 2C39 
K6MYC P- 30, Jun 69 

Wiring and grounding 
W1EZT P. 44, Jun 69 

Workbench, electronic 
W1EZT P- 50, Oct 70 

features and fiction 
Alarm, burglar-proof (HN) 

Eisenbrandt P- 56, Dec 75 
Binding 1970 issues of ham radio (HN) 

W1DHZ P- 72, Feb 71 
Brass pounding on wheels 

K6QD p. 58, Mar 75 
Dynistor, the 

W6GXN P- 49, Apr 68 
Catalina wireless, 1902 

W6BLZ P- 32, Apr 70 
Early wireless stations 

W6BLZ P- 64, Oct 68 
Electronic bugging 

K2ZSQ P- 70, Jan 68 
Fire protection in the ham shack 

Darr P- 54, Jan 71 
First wireless in Alaska 

W6BLZ P- 48, Apr 73 
Ham Radio sweepstakes winners, 1972 

W1NLB P- 58, Jul 72 
Ham Radio sweepstakes winners. 1973 

W I N LB P- 68, Jul 73 
Ham Radio sweepstakes winners, 1975 

W 1 N L B P- 54. Jul 75 
How to be DX 

W4NXD P- 58, Aug 68 
Nostalgia with a vengeance 

W6HDM P- 28, Apr 72 
QSL return, statistics on 

WB61UH 
QSL return, statistics on 

WB61UH P- 50, Dec 68 
Photographic illustrations 

WA4GNW P. 72, Dec 69 
Reminisces of old-time radio 

K4NW P- 40. Apr 71 
Secret society, the 

W4NXD P- 82, May 68 
Use your old magazines 

Foster P- 52, Jan 70 
What is it? 

^VAIABP P- 84, May 68 
Wireless Point Loma 

W6BLZ P- 54, Apr 69 

fm and repeaters 
Amateur vhf fm operation 

W6AYZ p. 36, Jun 68 
Antenna and control-link calculations 

for repeater licensing 
W7PUG p. 58, Nov 73 
Short circuit p. 59, Dec 73 

Antennas, simple, for two-meter f m 
WA3NFW p. 30, May 73 
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Antenna, two-meter f m (HN) 
WB6KYE p. 64, May 71 

Antenna, %-wavelength , two-meter 
K6KLO p. 40, Jul 74 

Antenna, % wavelength two-meter, 
bui ld f r om CB mobi le whips (HN) 
WB4WSU p. 67, Jun 74 

Audio-ampl i f ier and squelch uni t 
W6AJF p. 36, Aug 68 

Automat ica l ly contro l led access 
to open repeaters 
W8GRG p. 22, Mar 74 

Autopatch system for vhf fm repeaters 
W8GRG p. 32. Jul 74 

Base stat ion, two-meter f m 
W9JTQ p. 22, Aug 73 

Carrier-operated relay 
K0PHF, W A 0 U Z O p. 58, Nov 72 

Carr ier-operated relay and call mon i to r 
VE4RE p. 22, Jun 71 

Cavity f i l ter , 144-MHz 
W1SNN p. 22, Dec 73 

Channel scanner 
W2FPP p. 29, Aug 71 

Channels, three f r om two (HN) 
VE7ABK p. 68, Jun 71 

Charger, fet-control led for nicad bat ter ies 
WA0JYK p. 46, Aug 75 

Coll inear antenna for two meters, nine-
element 
W6RJO p. 12, May 72 

Col l inear ar ray fo r two meters, 4-element 
WB6KGF p. 6, May 71 

Cont inuous t un ing for f m converters (HN) 
W1DHZ p. 54, Dec 70 

Control head, cus tomiz ing 
VE7ABK p. 28, Apr 71 

Deviat ion measurement (letter) 
K5ZBA p. 68, May 71 

Deviation measurements 
W3FQJ p. 52, Feb 72 

Deviat ion meter (HN) 
VE7ABK p. 58, Dec 70 

Digital touch-tone encoder for vhf f m 
W7FBB p. 28, Apr 75 

Discr iminator , quartz crystal 
WA0JYK p. 67, Oct 75 

Distor t ion in f m systems 
W5JJ p. 26, Aug 63 

Encoder, combined d ig i ta l and burst 
K8AUH p. 48, Aug 69 

Filter, 455-kHz fo r f m 
WA0JYK p. 22, Mar 72 

Fm demodulator , TTL 
W3FQJ p. 66, Nov 72 

Fm receiver f requency contro l ( letter) 
W3AFN p. 65, Apr 71 

Fm techniques and pract ices for vhf amateurs 
W6SAI p. 8, Sep 69 
Short c i rcu i t p. 79, Jun 70 

Fm t ransmi t te r , sol id-state two-meter 
W6AJF p. 14, Ju l 71 

Fm t ransmi t te r , Sonobaby, 2 meter 
WA0UZO p. 8, Oct 71 
Short Ci rcui t p. 96, Dec 71 
Crystal deck for Sonobaby p. 26, Oct 72 

Frequency meter, two-meter f m 
W4JAZ p. 40, Jan 71 
Short c i rcu i t p. 72, Apr 71 

Frequency synthesizer, inexpensive 
al l-channel, fo r two-meter f m 
W 0 O A p. 50. Aug 73 
Correct ion ( letter) p. 65, Jun 74 

Frequency-synthesizer, one-crystal 
for two-meter fm 
W 0 M V p. 30. Sep 73 

Frequency synthesizer, for two-meter fm 
WB4FPK p. 34, Ju l 73 

Ident i f ier, p rog rammab le repeater 
W6AYZ p. 18, Apr 69 
Short c i rcu i t p. 76, Ju l 69 

l-f system, mu l t imode 
WA2IKL p. 39, Sep 71 

Indicator, sensit ive rf 
WB9DNI p. 38, Apr 73 

Interface problems, fm equ ipment (HN) 
W9DPY p. 58, Jun 75 

Interference, scanning receiver (HN) 
K2YAH p. 70, Sep 72 

Logic osci l lator for mul t i -channel 
crysta l contro l 
W1SNN p. 46, Jun 73 

Mobi le antenna, magnet-mount 
W1HCI p. 54, Sep 75 

Mobi le operat ion with the Touch-Tone pad 
W 0 L P Q p. 58, Aug 72 
Correct ion p. 90, Dec 72 
Modi f icat ion (letter) p. 72, Apr 73 

Modulat ion standards for vhf f m 
W6TEE p. 16, Jun 70 

Moni tor receivers, two-meter f m 
WB5EMI p. 34, Apr 74 

Motorola channel e lements 
WB4NEX p. 32, Dec 72 

Motorola f m receiver mods (HN) 
VE4RE p. 60, Aug 71 

Motorola P-33 series, improv ing the 
WB2AEB p. 34, Feb 71 

Motorola voice commander , improv ing 
W 0 D K U p. 70, Oct 70 

Motrac Receivers (letter) 
K5ZBA p. 69, Jul 71 

Narrow-band f m system, using ICs in 
W6AJF p. 30, Oct 68 

Phase-locked loop, tunable, 28 and 
50 MHz 
W1KNI p. 40, Jan 73 

Phase modula t ion pr inc ip les and techniques 
VE2BEN p. 28, Jul 75 
Correct ion p. 59, Dec 75 

Power ampl i f ie r , rf 220-MHz f m 
K7JUE p. 6, Sep 73 

Power ampl i f ie r , rf, 144 MHz 
Hatchet t p. 6, Dec 73 

Power ampl i f ie r , rf, 144-MHz f m 
W4CGC p. 6, Apr 73 

Power ampl i f ier , two-meter fm , 10-watt 
W1DTY p. 67, Jan 74 

Power supply, regulated ac fo r mobi le 
f m equ ipment 
WA8TMP p. 28, Jun 73 

Preampl i f ier , two-meter 
WA2GCF p. 25, Mar 72 

Preampl i f ier , two meter 
W8BBB p. 36, Jun 74 

Private-l ine, add ing to Heath HW-202 
WA8AWJ p. 53, Jun 74 

Push-to-talk fo r Stylel ine te lephones 
W1DRP p. 18, Dec 71 

Receiver a l ignment techniques, vhf f m 
K41PV p. 14, Aug 75 

Receiver for six and two meters, 
mul t ichannel f m 
W1SNN p. 54, Feb 74 

Receiver for two meter, f m 
W9SEK p. 22, Sep 70 
Short c i rcu i t p. 72, Apr 71 

Receiver isolat ion, fm repeater (HN) 
W1DTY p. 54, Dec 70 

Receiver, modular f m commun ica t ions 
K8AUH p. 32, Jun 69 
Correct ion p. 71, Jan 70 

Receiver, modular , for two-meter f m 
WA2GBF p. 42, Feb 72 
Added notes p. 73, Jul 72 

Receiver per formance, compar ison of 
VE7ABK p. 68, Aug 72 

Receiver, tunable vhf f m 
K8AUH p. 34, Nov 71 

Receiver, vh f f m 
WA2GCF p. 6, Nov 72 

Receiver, vh f f m 
WA2GCF p. 8, Nov 75 
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Receiver, vhf fm (letter) 
K8IHQ p. 76, May 73 

Relay, operational-ampli f ier, for 
Motorola receivers 
W6GD0 p. 16, Jul 73 

Repeater control w i th simple t imers 
W2FPP p. 46, Sep 72 
Correction p. 91, Dec 72 

Repeater decoder, mult i - funct ion 
WA6TBC p. 24, Jan 73 

Repeater instal lat ion 
W2FPP p. 24, Jun 73 

Repeater problems 
VE7ABK p. 38, Mar 71 

Repeater, receiving system degradation 
K5ZBA p. 36, May 69 

Repeater t ransmit ter , improving 
W6GDO p. 24, Oct 69 

Repeaters, single-frequency fm 
W2FPP p. 40, Nov 73 

Reset t imer, automatic 
W5ZHV p. 54, Oct 74 

Satell ite receivers for repeaters 
WA4YAK p. 64, Oct 75 

Scanner, vhf receiver 
K2LZG p. 22, Feb 73 

Scanning receiver, improved 
for vhf fm 
WA2GCF p. 26, Nov 74 

Scanning receiver modifications, vhf fm 
WA5W0U p. 60, Feb 74 

Scanning receivers for two-meter fm 
K4IPV p. 28, Aug 74 

Sequential encoder, mobi le f m 
W3JJU p- 34, Sep 71 

Sequential switching for Touch-Tone 
repeater control 
W8GRG p. 22, Jun 71 

Single-frequency conversion, vh f /uh f 
W3FQJ p. 62, Apr 75 

S-meter for CJegg 27B (UN) 
WA2YUD p. 61, m m 74 

Squelch-audio ampl i f ier for 
fm receivers 
WB4WSU p. m „ Sep 74 

Squelch circui ts for transistor radios 
WB4WSU p. 36, Dec 75 

Telephone control ler, automatic 
for your repeater 
K0PHF, WA0UZO p. 44, TUrov 74 

Test set for Motorola radios 
K0BKD p. 12, Nov 73 
Short c i rcui t p. 58, Dec 73 
Added note (letter) p. 64, Jun 7-4 

Timer, simple (HN) 
W3CIX p. 58, Mar 73 

Tone-burst generator (HN) 
K4C0F p. 58, Mar 73 

Tone-burst keyer for f m repeaters 
W8GRG p. 36, Jan 72 

Tone encoder and secondary frequency 
osci l lator (HN) 
K8AUH p. 66, Jun -69 

Tone encoder, universal for vhf fm 
W6FUB p. 17, Jul 75 
Correction p. 58, Dec 75 

Touch-tone circuit , mobile 
K7QWR p. 50, Mar 73 

Touch-tone decoder, mult i - funct ion 
K0PHF, WA0UZO p. 14, Oct 73 

Touch-tone decoder, three-digit 
W6AYZ p. 37, Dec 74 
Circuit board for p. 62, Sep 75 

Touch-tone, hand-held 
K7YAM p. 44, Sep 75 

Touch-tone handset, convert ing slim-line 
K2YAH p. 23, Jun 75 

Transceiver for two-meter fm, compact 
W6A0I p. 36, Jan 74 

Transmitter for two meters, phase-modulated 
W6AJF p. 18, Feb 70 

Transmitter, two-meter f m 
W9SEK p. 6, Apr 72 

Tunable receiver modif icat ion 
for vhf f m 
WB6VKY p. 40, Oct 74 

Vertical antennas, t ruth about %-wavelength 
K0DOK p. 48, May 74 
Added note (letter) p. 54, Jan 75 

Weather monitor receiver, retune to 
two-meter f m (HN) 
W3WTO p. 56, Jan 75 

Whip, 5/8-wave, 144 MHz (HN) 
WE3DDD p. 70, Apr 73 

220 MHz frequency synthesizer 
W6GXN p. 8, Dec 74 

450-MHz preampli f ier and converter 
WA2GCF p. 40, Jul 75 

integrated circuits 
Amateur uses of the MCI530 IC 

W2EEY p. 42, May 68 
Ampl i f iers, broadband IC 

W6GXN p. 36, Jun 73 
Applications, potpourri of IC 

W1DTY. Thorpe p 8, May 69 
Balanced modulator, an integrated-circuit 

K7QWR p. 6, Sep 70 
Cmos logic circuits 

W3FQJ p. 50, Jun 75 
Counter gating sources 

K6KA p. 48, Nov 70 
Counter reset generator (HN) 

W3KBM p. 68, Jan 73 
C3L logic circuit 

W1DTY p. 4, Mar 75 
Digital counters (letter) 

W1GGN p. 76. May 73 
Digital ICs. part 1 

W3FQJ p. 41. Mar 72 
Digital ICs, part I I 

W3FQJ p. 58. Apr 72 
Correction p. 66, Nov 72 

Digital mixers 
WBBIFM p. 42, Dec 73 

Digital multivibrators 
W3FQJ p. 42, Jun 72 

(Digital oscillators and dividers 
W3FQJ p. 62, Aug 72 

Diigjital readout staitkmn accessory, par t I 
K6KA p. 6, Feb 72 

•Digital s ta t ion accessory, par t Jl 
K6KA p. 50„ Mar 72 

X>igiitaI sta&iwn accessory, pari III 
«&KA p. 36, Apr 72 

Electro 11 »c coumter dials, iC 
'K6XA p. 44, Sep 70 

Electronic •keyer, cosmos IC 
WB2DFA p. 6, Jun 74 
Short Circuit p. 62, 'Dec 74 

Emitter-coupled logic 
W3FQJ p. 62,, Sep 72 

Flip-flops 
W3FQJ p . 60, Ju l 72 

Flop-flip, using (HN) 
W3KBM p. 60, Feb 72 

Function generator, IC 
W10TY p. 40, Aug 71 

Function generator, IC 
K4DHC p. 22, Jun 74 

IC power (HN) 
W3KBM p. 68, Apr 72 

IC-regulated power supply for ICs 
W6GXN p. 28, Mar 68 

Integrated circuits, part I 
W3FQJ p. 40, Jun 71 

Integrated circuits, part II 
W3FQJ p. 58, Jul 71 

Integrated circuits, part III 
W3FQJ p. 50, Aug 71 
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p. 4, Nov 75 

p. 26, Jan 74 

p. 70. Apr 72 
p. 91, Dec 72 

p. 53, Dec 73 

p. 56, Feb 73 
p. 58, Dec 73 

p. 20, Oct 69 

U L logic circuits 
W1DTY 

Logic families, IC 
W6GXN 

Logic monitor (UN) 
WA5SAF 
Correct ion 

Logic test probe 
VE6RF 

Logic test probe (HN> 
Ross man 
Short circuit 

Low-cost linear ICs 
WA7KRE 

Modular modulos 
W9SEK p. 63, Aug 7G 

Motorola MC1530 IC, amateur uses for 
W2EEY p. 42, May 68 

Multi-function integrated circuits 
W3FQJ p. 46, Oct 72 

National LM373, using in s sb transceiver 
W5BAA p. 32, Nov 73 

Operational amplifiers 
WB2EGZ p. 6, Nov 69 

Phase-locked loops, IC 
W3FQJ p. 54, Sep 71 

Phase-locked loops, IC, experiments with 
W3FQJ p. 58, Oct 71 

Plessey SL600-series ICs, how to use 
G8FNT p. 26, Feb 73 

Removing ICs (HN) 
W6NIF p. 71, Aug 70 

Seven-segment readouts, multiplexed 
W5NPD p. 37, Jul 75 

S sb detector, IC (HN) 
K 4 0 D S p. 67, Dec 72 
Correction (letter) p. 72, Apr 73 

Ssb equipment, using TTL ICs in 
G4ADJ p. 18, Nov 75 

Surplus ICs (HN) 
W4AYV p. 68, Jul 70 

Sync generator, IC, for ATV 
W 0 K G I p. 34, Jul 75 

Transceiver, 9-MHz ssb, IC 
G3ZVC p. 34, Aug 74 
Circuit change (letter) p. 62, Sep 75 

Using ICs in a nbfm system 
W6AJF p. 30, Oct 68 

Us ing ICs with single-polarity 
power supplies 
W 2 E E Y p. 35 , Sep 69 

Using integrated circuits (HN) 
W9KXJ p. 69. May 69 

Voltage regulators, IC 
W7FLC p. 22, Oct 70 

Voltage-regulator ICs, adjustable 
WB9KEY p. 36, Aug 75 

Voltage-regulator ICs, three-terminaJ 
WB5EM I p. 26, Dec 73 
Added note (letter) p. 73, Sep 74 

Vtvm, convert to an IC voltmeter 
K6VCI p. 42, Dec 74 

keying and control 
Break-in circuit, CW 

W8SYK p. 40, Jan 72 
Break-in control system, IC (HN) 

W9ZTK p. 68, Sep 70 
Bug, solid-state 

K2FV p. 50, Jun 73 
Carrier-operated relay 

K 0 P H F , W A 0 U Z O p. 58, Nov 72 
Cmos keying circuits (HN) 

WB2DFA p. 57, Jan 75 
Contest keyer (HN) 

K2UBC p. 79, Apr 70 
CW reception, enhancing through a 

simulated-stereo technique 
W A 1 M K P p. 61, Oct 74 

CW regenerator for interference-free 
commun ications 
Lewarci, WB2EAX p. 54. Apr 74 

Electronic hand keyer 
K5TCK p. 36, Jun 71 

Electronic keyer, cosmos iC 
WB2DFA p. 6, Jun 74 
Short circuit p. 62, Dec 74 

Electronic keyer„ IC 
VE7BFK p. 32. Nov 69 

Electmm«c keyer notes (HN) 
Z U B N p. 74, Dec 71 

ETectronic keyer package, compact 
W4ATE p. 50, Nov 73 

Electronic keyer with random-access memory 
W B 9 F H C p. 6, Oct 73 
Corrections (letter) p. 58, Dec 74 

p. 57, Jun 75 
Increased flexibility (HN) p. 62, Mar 75 

Electronic keyer, 8043 IC 
W6GXN p. 8, Apr 75 

Electronic keyers, simple IC 
WA5TRS p. 38, Mar 73 

Grid-block keying, simple (HN) 
WA4DHU p. 78, Apr 70 

Key and vox clicks (HN) 
K6KA p. 74, Aug 72 

Keyboard electronic keyer, the code mifl 
W6CAB p. 38, Nov 74 

Keying, paddle, S iamese 
WA5KPG p. 45, Jan 75 

Keying the Heath HG-10B vfo (HN) 
K4BRR p. 67, Sep 70 

Latch circuit, dc 
W 0 L P Q p. 42, Aug 75 
Correction p. 58, Dec 75 

Memo-key 
W A 7 S C B p. 58, Jun 72 

Memory accessory, programmable 
for electronic keyers 
WA9LUD p. 24, Aug 75 

Mini-paddle 
K6R IL p. 46, Feb 69 

Morse generator, keyboard 
W7CUU p. 36, Apr 75 

Morse sounder, radio controlled (HN) 
K6QEQ p. 66, Oct 71 

Oscillators, electronic keyer 
WA6JNJ p. 44, Jun 70 

Paddle, electronic keyer (HN) 
K L 7 E V D p. 68, S e p 72 

Paddle, homebrew keyer 
W3NK p. 43, May 69 

Push-to-talk for Styleline telephones 
W1DRP p. 18, Dec 71 

Relay activator (HN) 
K6KA p. 62, Sep 71 

Relays, surplus (HN) 
W 2 0 L U p. 70, Jul 70 

Relay, transistor replaces (HN) 
W3NK p. 72, Jan 70 

Relays, undervoltage (HN) 
W 2 0 L U p. 64, Mar 71 

Remote keying your transmitter (HN) 
WA3HOU p. 74, Oct 69 

Reset timer, automatic 
W5ZHV p. 54, Oct 74 

Sequential switching (HN) 
W 5 0 S F p. 63, Oct 72 

Solenoid rotary switches 
W2EEY p. 36, Apr 68 

Station control center 
W 7 0 E p. 26, Apr 68 

Step-start circuit, high-voltage (HN) 
W6VFR p. 64, Sep 71 

Suppression networks, arc (HN) 
WA5EKA p. 70, Jul 73 

Time base, calibrated electronic keyer 
W 1 P U p. 39, Aug 75 

Transistor switching for 
electronic keyers (HN) 
W3QBO p. 66, Jun 74 
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Transmi t ter swi tching, solid-state Counter readouts, swi tch ing (HN) 
W2EEY P- 44, Jun 68 K6KA p. 66, Jun 71 

Typewriter-type electronic keys, Counter reset generator (HN) 
fur ther au tomat ion for W3KBM p. 68, Jan 73 
W6PRO P- 26, Mar 70 Counters: a solut ion to the readout problem 

Vox and mox systems for ssb WA0GOZ p. 66, Jan 70 
Belt P- 24, Oct 68 CRT intensif ier for RTTY 

Vox, IC K4VFA p. 18, Jul 71 
W2EEY P- 50, Mar 69 Crystal checker 

Vox keying (HN) W6GXN p. 46, Feb 72 
VE7IG P- 83, Dec 69 Crystal test osci l lator and signal 

Vox, versat i le generator 
W9K1T P- 50, Ju l 71 K4EEU p. 46, Mar 73 
Short circuit P- 96, Dec 71 Crystal-control led f requency markers (HN) 

WA4WDK p. 64, Sep 71 
Cubical quad measurements 

measurements and W4YM 
Curve master, the 

p. 42, Jan 69 

test equipment K8ERV p. 40, Mar 
Decade standards, economical (HN) 

W4ATE p. 66, Jun 

68 

71 
Ac current moni tor (letter) Digi tal counters (letter) 

WB5MAP P- 61, Mar 75 W1GGN p. 76, May 73 
Ac power-line moni tor Digital readout stat ion accessory, par t 1 

W20LU P- 46, Aug 71 K6KA p. 6, Feb 72 
AFSK generator, crystal-control led Digi ta l s tat ion accessory, part 11 

K7BVT P-
i 

13, Jul 72 K6KA p. 50, Mar 72 
AFSK generator , phase-locked loop 

P-
i Digi tal s tat ion accessory, part III 

K7ZOF P- 27, Mar 73 K6KA p. 36, Apr 72 
Amateur f requency measurements 

P-
Dipper w i thout plug-in coi ls 

K6KA P- 53, Oct 68 W6BL.Z p. 64, May 68 
A-m modulat ion moni tor , vhf (HN) Dummy load and rf wat tmeter , low-power 

K7UNL p. 67, Ju l 71 W20LU p. 56, Apr 70 
Antenna gain, measur ing Dummy load low-power vhf 

K6JYO P- 26, Ju l 69 WB9DNI p. 40, Sep 73 
Antenna matcher 

P-
Dummy loads, exper imental 

W4SD P 24. Jun 71 W8YFB p. 36, Sep 68 
Antenna and t ransmiss ion line 

P 
Dynamic t ransis tor tester (HN) 

measurement techniques VE7ABK p. 65, Oct 71 
W40Q P- 36, May 74 Electrolyt ic capacitors, measurement of (HN) 

Beta master, the 
May 

W2NA p. 70, Feb 71 
K8ERV P- 18, Aug 68 Fm deviat ion measurement (letter) 

Br idge for antenna measurements, s imple K5ZBA p. 68, May 71 
W2CTK p. 34, Sep 70 Fm deviat ion measurements 

Bridge, noise, for impedance measurements W3FQJ p. 52, Feb 72 
YA1GJM P- 62. Jan 73 Fm frequency meter, two-meter 
Added notes p. 66, May 74; P- 60, Mar 75 W4JAZ p. 40, Jan 71 

Bridge, rf noise 
P-

Short c i rcui t p. 72. Apr 71 
WB2EGZ P. 18, Dec 70 Frequencies, counted (HN) 

Cal ibrators and counters 
P. 

K6KA p. 62, Aug 74 
K6KA P- 41, Nov 68 Frequency cal ibrator , general coverage 

Cal ibrator, plug-in 1C W5UQS p. 28, Dec 71 
K6KA P- 22, Mar 69 Frequency cal ibrator , how to design 

Capacitance meter, d ig i ta l 
P-

W3AEX p. 54, Jul 71 
K4DHC P- 20. Feb 74 Frequency measurement of received 

Capacitance meter, d i rect-reading signals 
ZL2AUE P- 46, Apr 70 W4AAD p. 38, Oct 73 

Capacitance meter, d i r e c t - r e a d i n g Frequency meter, crystal control led (HN) 
W6MUR P- 48, Aug 72 W5JSN p. 71. Sep 69 
Short c i rcui t P- 64, Mar 74 Frequency scaler, divide-by-ten 

Capacitance meter, direct-reading K4EEU p. 26, Aug 70 
WA5SNZ P- 32, Apr 75 Short c i rcui t p. 72, Apr 71 
Added note P- 31, Oct 75 Frequency scaler, divide-by-ten 

Capacitance meter, d irect reading, fo r W6PBC p. 41, Sep 72 
electrolyt ics Correct ion p. 90, Dec 72 
W9DJZ P- 14, Oct 71 Added comments (letter) p. 64, Nov 73 

Coaxial cable, checking (letter) Pre-scaler, improvements for 
W20LU P- 68, May 71 W6PBC p, 30, Oct 73 

Coaxial-l ine loss, measur ing wi th < i Frequency scaler, uhf (11C90) 
ref lectometer WB9KEY p. 50, Dec 75 
W2VCI P- 50, May 72 Frequency scaler, 500-MH2 

Converter, mosfet, for receiver W6URH p. 32, Jun 75 
ins t rumentat ion Frequency scalers, 1200-MHz 
WA9ZMT P- 62, Jan 71 WB9KEY p. 38, Feb 75 

Counter, compact frequency Frequency-shift meter, RTTY 
K4EEU P- 16, Ju l 70 VK3ZNV p. 33, Jun 70 
Short c i rcu i t p. 72, Dec 70 Frequency standard (HN) 

Counter, d ig i ta l f requency WA7JIK p. 69, Sep 72 
K4EEU P • 8, Dec 68 Frequency standard, universal 

Counter gat ing sources K4EEU p. 40, Feb 74 
K6KA P- 48, Nov 70 Short c i rcui t p. 72, May 74 
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Frequency synthesizer, high-frequency Osci l loscope, put t ing i t to work 
K2BLA P- 16, Oct 72 Al len P- 64, Sep 69 

Function generator , IC Osci l loscope, t roubleshoot ing amateur 
W1DTY P- 40, Aug 71 gear wi th 

Function generator , IC Al len P- 52, Aug 69 
K4DHC P- 22, Jun 74 Osci l loscope voltage cal ibrator 

P-

Gdo, new use for W6PBC P- 54, Aug 72 
K2ZSQ P- 48, Dec 68 Panoramic reception, s imple 

P- Aug 

Grid current measurement in W2EEY p. 14, Oct 68 
grounded-gr id ampl i f ie rs Peak envelope power, how to measure 
W6SAI P. 64, Aug 68 W5JJ P- 32, Nov 74 

Grid-dip osci l lator , solid-state conversion of Phase meter, rf 
W6AJZ P- 20, Jun 70 VE2AYU, Korth P- 28, Apr 73 

Harmonic generator (HN) Power meter, rf 
W5GDQ P- 76, Oct 70 K8EEG P- 26, Oct 73 

l-f a l ignment generator 455-kHz Precision capaci tor 
WA5SNZ P. 50, Feb 74 W4BRS P- 61, Mar 68 

l-f sweep generator Pre-scaler, vh f (HN) 
K4DHC P- 10, Sep 73 W6MGI P- 57, Feb 73 

Impedance br idge (HN) Probe, sensit ive rf (HN) 
W6KZK P. 67, Feb 70 W5JJ P- 61, Dec 74 

Impedance br idge, low-cost RX Receiver a l ignment 
W8YFB P' . 6, May 73 Al len P- 64, Jun 68 

Impedance br idge, s imple Ref lectometers 
WA9QJP P- 40, Apr 68 K1YZW P- 65, Dec 69 

Impedance, measur ing wi th swr br idge Regenerative detectors and a wideband ampl i f ier 
WB4KSS P- 46, May 75 W8YFB P- 61, Mar 70 

Impulse generator , pulse-snap diode Repairs, t h ink ing your way th rough 
Siegal, Turner P- 29, Oct 72 Al len P- 58, Feb 71 

Ins t rumentat ion and the ham Resistance standard, s imple (HN) 
VE3GFN P . 28, Ju l 68 W20LU P- 65, Mar 71 

In termodulat ion-d is tor t ion measurements Resistor decades, versat i le 
on ssb t ransmi t te rs W4ATE P . 66, , Jul 71 
W6VFR P- 34, Sep 74 Rf current probe (HN) 

Line-voltage mon i to r (HN) W6HPH P- 76, Oct 68 
WA8VFK P- 66, Jan 74 Rf detector, sensit ive 
Current mon i to r mod (letter) P- 61, Mar 75 WB9DNI P- 38, Apr 73 

Logic moni to r (HN) Rf generator c l ip 
WA5SAF P- 70, Apr 72 W1DTY P- 58, Mar 68 
Correct ion P- 91, Dec 72 Rf power meter, low-level 

P-

Logic test probe W5WGF P- 58, Oct 72 
VE6RF P- 33, Dec 73 Rf signal generator , sol id-state 

Logic test probe (HN) VE5FP P- 42, Jul 70 
Rossman P- 56, Feb 73 RTTY mon i to r scope, sol id-state 
Short c i rcu i t P- 58, Dec 73 WB2MPZ P- 33, Oct 71 

Makeshi f t test equ ipment (HN) RTTY signal generator 
W7FS P- 77, Sep 68 W72TC P- 23, Mar 71 

Meter interface, h igh- impedance Short c i rcu i t P- 96, Dec 71 
Laughl in P- 20, Jan 74 RTTY test generator (HN) 

P-

Meters, tes t ing unknown (HN) W3EAG P- 67, Jan 73 
WIONC P- 66, Jan 71 RTTY test generator (HN) 

Mi l l iammeters , how to use W3EAG 59, Mar 73 
W4PSJ P- 48, Sep 75 RX impedance bridge 

Mini-spotter f requency checker W2CTK P- 34, Sep 70 
W70E P- 48, May 68 RX impedance bridge, low-cost 

Monitorscope, min ia ture W8YFB P- 6, May 73 
WA3F1Y P- 34, Mar 69 Safer suic ide cord (HN) 

Monitorscope, RTTY K6JYO P. 64, Mar 71 
W3CIX P- 36, Aug 72 Sampl ing network, rf — the mi l l i - tap 

Mult i-box (HN) 
69 

W6QJW P- 34, Jari 73 
W3KBM p. 68, Ju l 69 Signal generator , tone modulated for 

Mul t i tester (HN) two and six meters 
W1DTY P- 63, May 71 WA80IK P- 54, Nov 69 

Noise br idge, antenna (HN) 
71, May 74 

Signal generator , wide range 
K8EEG P- 71, May 74 W6GXN P- 18, Dec 73 

Noise-figure measurements for 
WB6NMT 

vhf 
P- 36, Jun 72 

Signal in ject ion in ham receivers 
Al len p. 72, Mav 68 

Noise f igure, vhf , es t imat ing 
WA9HUV 

Noise generator , 1296-MHz 
P- 42, Jun 75 

Signal t rac ing in ham receivers 
Al len P- 52, Apr 68 

W3BSV 
Noise generators, us ing (HN) 

P- 46, Aug 73 Slow-scan tv test generator 
K4EEU p. 6, Jul 73 

K2ZSQ P 79, AUK 68 S-meter readings (HN) 
56, Jun 68 Osci l lator, audio 

P W1DTY P- 56, Jun 68 
W6GXN P- 50, Feb 73 Spect rum analyzer, four channel 

Osci l lator, f requency measur ing 
P- 50, Feb 

W91A P • 6, Oct 72 
W6IEL P- 16, Apr 72 Spect rum analyzers, unders tanding 
Added notes P- 90, Dec 72 WA5SNZ P- 50. Jun 74 

Osci l lator, two-tone, for ssb test ing Ssb, signals, moni tor ing 
W6GXN P- 11, Apr 72 W6VFR P- 35, Mar 72 

Oscil loscope ca l ibrator (HN) Sweep generator , how to use 
K4EEU P- 69, Jul 69 Al len P- 60, Apr 70 
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Sweep response curves fo r low-frequency i-f 's 
Al len p. 56, Mar 71 

Switch-off f lasher {HN) 
Thomas p. 64, Jul 71 

Swr br idge 
WB2ZSH p. 55, Oct 71 

Swr br idge and power meter, integrated 
W6DOB p. 40, May 70 

Swr br idge (HN) 
WA5TFK •» p. 66, May 72 

Swr br idge readings (HN) 
W6FPO p. 63, Aug 73 

Swr meter 
W6VSV p. 6, Oct 70 

Swr meters, d i rect reading and expanded scale 
WA4WDK p. 28, May 72 
Correct ion p. 90, Dec 72 

Time-domain ref lectometry, exper imenter 's 
approach to 
WA0PIA p. 22, May 71 

Transconductance tester for fets 
W6NBI p. 44, Sep 71 

Transformer shor ts 
W6BLZ p. 36, Jul 68 

Transistor and diode tester 
ZL2AMJ p. 65, Nov 70 

Transistor curve t racer 
WA9LCX p. 52, Ju l 73 
Short Circuit p. 63, Apr 74 

Transistor tester 
WA6NIL p. 48, Ju l 68 

Transistor tester for leakage and gain 
W4BRS p. 68, May 68 

Transmi t ter t un ing uni t fo r the bl ind 
W9NTP p. 60, Jun 71 

Trapezoidal mon i to r scope 
VE3CUS p. 22, Dec 69 

Troubleshoot ing around fets 
A!len p. 42, Oct 68 

Troubleshoot ing by resistance measurement 
Al len p. 62, Nov 68 

Troubleshoot ing t ransis tor ham gear 
Allen p. 64, Ju l 68 

Uhf tuner tester for tv sets (HN) 
Schuler p. 73, Sep 69 

Vacuum tubes, tes t ing high-power (HN) 
W20LU p. 64, Mar 72 

Vhf pre-scaler, improvements for 
W6PBC p. 30, Oct 73 

Vol tmeter, improved t ransis tor , par t I 
Maddever p. 74, Apr 68 

Vol tmeter, t rans is tor , part II 
Maddever p. 60, Jul 68 

V o m / v t v m , added uses for (HN) 
W7DI p. 67, Jan 73 

Vtvm modi f ica t ion 
W6HPH p. 51, Feb 69 

Vtvm, convert to an IC vol tmeter 
K6VCI p. 42, Dec 74 

Wavemeter, ind ica t ing 
W6NIF p. 26, Dec 70 
Short c i rcu i t p. 72, Apr 71 

Weak-signal source, stable, var iable-output 
K6JYO p. 36, Sep 71 

Weak-signal source, 144 and 432 MH2 
K6JC p. 58, Mar 70 

Weak-signal source, 432 and 1296 MHz 
K6RIL p. 20, Sep 68 

WWV receiver, s imple regenerat ive 
WA5SNZ p. 42, Apr 73 

WWV-WWVH, amateur appl icat ions fo r 
W3FQJ p. 53, Jan 72 

Zener tester, low-voltage (HN) 
K3DPJ p. 72, Nov 69 

miscellaneous 
technical 
Alarm, wet basement (HN) 

W2EMF p. 68, Apr 72 

Amateur anemometer 
W6GXN p. 52, Jun 68 
Short c i rcu i t p. 34, Aug 68 

Antenna masts, design for pipe 
W3MR p. 52, Sep 74 
Added design notes ( letter) p. 75, May 75 

Antennas and capture area 
K6MIO p. 42, Nov 69 

Bandpass f i l ter design 
K4KJ p. 36, Dec 73 

Bandpass f i l ters for 50 and 144 MHz, etched 
W5KHT p. 6, Feb 71 

Bandpass f i l ters, single-pole 
W6HPH p. 51, Sep 69 

Basic electronic units 
W2DXH p. 18, Oct 68 

Batter ies, select ing for por table equ ipment 
W B 0 A I K p. 40, Aug 73 

Broadband ampl i f ier , wide-range 
W6GXN p. 40, Apr 74 

Bypassing, rf, at uhf 
WB6BHI p. 50, Jan 72 

Capacitors, oil-f i l led (HN) 
W20LU p. 66, Dec 72 

Clock, 24-hour d ig i ta l 
K4ALS p, 51, Apr 70 
Short c i rcu i t p. 76, Sep 70 

Coi l -winding data, vhf and uhf 
K3SVC p. 6, Apr 71 

Communica t ions receivers, des ign ing 
for s t rong-s ignal per formance 
Moore p. 6, Feb 73 

Computer-aided c i rcu i t analysis 
KIORV p. 30, Aug 70 

Conver t ing vacuum tube equ ipment to 
sol id-state 
W2EEY p. 30, Aug 68 

Conver t ing wavelength to inches (HN) 
WA6SXC p. 56, Jun 68 

Current flow?, which way does 
W2DXH p. 34, Jul 68 

Digi ta l mixer, in t roduct ion 
WB8IFM p, 42, Dec 73 

Dig i ta l readout system, s impl i f ied 
W60IS p. 42, Mar 74 

Double-balanced mixers 
W1DTY p. 48, Mar 68 

Double-balanced modulator , broadband 
WA6NCT p. 8, Mar 70 

Earth currents (HN) 
W70UI p. 80, Apr 70 

Effect ive radiated power (HN) 
VE7CB p. 72, May 73 

Ferrite beads 
W5JJ p. 48, Oct 70 

Ferrite beads, how to use 
KIORV p. 34, Mar 73 

Fet b ias ing 
W3FQJ p. 61, Nov 72 

Fil ter preampl i f ie rs for 50 and 144 
MHz, etched 
W5KHT p. 6, Feb 71 

Filters, act ive for direct-conversion receivers 
W7ZOI p. 12, Apr 74 

Fire ext inguishers (letter) 
W5PGG p. 68, Jul 71 

Fire protect ion 
Darr p. 54, Jan 71 

Fire protect ion (letter) 
K7QCM p. 62, Aug 71 

Fm techniques 
W6SAI p. 8, Sep 69 
Short c i rcu i t p. 79, Jun 70 

Freon danger (letter) 
WA5RTB p. 63, May 72 

Frequency mul t ip l iers 
W6GXN p. 6, Aug 71 

Frequency mul t ip l iers, t rans is tor 
W6AJF p. 49, Jun 70 

Frequency synchronizat ion for scat ter-mode 
propagat ion 
K20VS p. 26, Sep 71 
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Frequency synthesis 
WA5SKM p. 42, Dec 69 

Frequency synthesizer, high-frequency 
K2BLA p. 16, Oct 72 

Gamma-match ing networks, how to design 
W7ITB p. 46, May 73 

Glass semiconductors 
W1EZT p. 54, Jul 69 

Graphical network solut ions 
W1NCK, W2CTK p. 26, Dec 69 

Gridded tubes, vhf-uhf effects 
W6UOV p. 8, Jan 69 

Grounding and w i r ing 
W 1 E Z T p . 4 4 , J u n 6 9 

Ground plow 
W1EZT p. 64, May 70 

Harmonic output , how to predict 
Utne p. 34, Nov 74 

Heatsink problems, how to solve 
WA5SNZ p. 46, Jan 74 

Hybrids and couplers, hf 
W2CTK p. 57, Jul 70 
Short c i rcu i t p. 72, Dec 70 

Impedance-matching systems, designing 
W7CSD p. 58, Jul 73 

Inductors, how to use ferr i te and 
powdered-iron for 
W6GXN p. 15, Apr 71 
Correct ion p. 63, May 72 

Infrared communica t ions (letter) 
K20AW p. 65, Jan 72 

Inject ion lasers ( letter) 
Mims p. 64, Apr 71 

Infection lasers, high power 
Mims p. 28, Sep 71 

Integrated c i rcui ts , part I 
W3FQJ p. 40, Jun 71 

Integrated circui ts, par t II 
W3FQJ p. 58, Ju l 71 

Integrated c i rcui ts , part III 
W3FQJ p. 50, Aug 71 

Interference, hi-fi (HN) 
K6KA p. 63, Mar 75 

Interference, rf 
W1DTY p. 12, Dec 70 

Interference, rf ( letter) 
G3LLL p. 65, Nov 75 

Interference, rf 
WA3NFW p. 30, Mar 73 

Interference, rf, its cause and cure 
G3LLL p. 26. Jun 75 

In termi t tent voice operat ion of power 
tubes 
W6SAI p. 24, Jan 71 

Isotropic source and pract ical antennas 
K6FD p. 32, May 70 

Laser communicat ions 
W4KAE p. 28, Nov 70 

LED exper iments 
W4KAE p. 6. Jun 70 

Lighthouse tubes for uhf 
W6UOV p. 27, Jun 69 

Local-oscil lator waveform effects 
or> spur ious mixer responses 
Robinson, Smi th p. 44, Jun 74 

Lowpass f i l ters for solid-state l inear ampl i f iers 
WA0JYK p. 38, Mar 74 
Short c i rcu i t p. 62, Dec 74 

L-networks, how to design 
W7LR p. 26, Feb 74 
S h o r t c i r c u i t p . 6 2 , D e c 7 4 

Lunar-path nomograph 
WA6NCT p. 28, Oct 70 

Marine instal lat ions, amateur, on smal l boats 
W3MR p. 44, Aug 74 

Microprocessors, in t roduct ion to 
WB4HYJ, Rony. Titus p. 32, Dec 75 

Microwaves, ge t t ing star ted in 
Roubal p. 53. Jun 72 

Microwaves, Int roduct ion W1CBY p. 20, Jan 72 

Mini-mobi le 
K9UQN p. 58, Aug 71 

Mismatched t ransmi t te r loads, affect of 
W5JJ p. 60, Sep 69 

Mnemonics 
W6NIF p, 69, Dec 69 

More electronic units 
W1EZT p. 56, Nov 68 

Mul t i - funct ion integrated c i rcu i ts 
W3FQJ p. 46, Oct 72 

Networks, t ransmi t te r match ing 
W6FFC p. 6, Jan 73 

Neutra l iz ing small-signal ampl i f iers 
WA4WDK p. 40, Sep 70 

Noise f igure, meaning of 
K6MIO p. 26, Mar 69 

Operat ional ampl i f iers 
WB2EGZ p. 6, Nov 69 

Phase detector, harmonic 
W5TRS p. 40, Aug 74 

Phase-locked loops, IC 
W3FQJ p. 54, Sep 71 

Phase-locked loops, IC, exper iments wi th 
W3FQJ p. 58, Oct 71 

Phase-shift networks, design cr i ter ia for 
G3NRW p. 34, Jun 70 

Pi and pi-L networks 
W6SAI p. 36, Nov 68 

Pi network design 
W6FFC p. 6, Sep 72 

Pi network inductors (letter) 
W7IV p. 78, Dec 72 

Pi networks, series-tuned 
W2EGH p. 42, Oct 71 

Power ampl i f iers, high-eff iciency rf 
WB8LQK p. 8, Oct 74 

Power div iders and hybrids 
W1DAX p. 30, Aug 72 

Power suppl ies, survey of solid-state 
W6GXN p. 25, Feb 70 

Power, voltage and impedance nomograph 
W2TQK p. 32, Apr 71 

Printed-circui t boards, photofabr icat ion of 
Hutch inson p. 6, Sep 71 

Programmable calculator s impl i f ies 
antenna design (HN) 
W3DVO p. 70, May 74 

Programmable calculators, us ing 
W3DVO p. 40, Mar 75 

Proport ional temperature control for crystal 
o v e n s 
VE5FP p. 44, Jan 70 

Pulse-duration modulat ion 
W3FQJ p. 65, Nov 72 

Q factor , understanding 
W5JJ p. 16, Dec 74 

QRP operat ion 
W70E p. 36, Dec 68 

Radiation hazard, rf 
W1DTY p. 4, Sep 75 
Correct ion p. 59, Dec 75 

Radio communicat ions l inks 
W1EZT p. 44, Oct 69 

Radio observatory, vhf 
Ham p. 44, Jul 74 

Radio-frequency interference 
WA3NFW p. 30, Mar 73 

Radiotelegraph t ranslator and t ranscr iber 
W7CUU, K7KFA p. 8, Nov 71 
El iminat ing the matr ix 
KH6AP p. 60, May 72 

Ramp generators 
W6GXN p. 56, Dec 68 

Rat ing tubes for l inear ampl i f ie r 
service 
W6UOV, W6SAI p. 50, Mar 71 

Reactance problems, nomograph far 
W6NIF p, SL, Sep 70 

Resistor per formance at high frequencies 
KIORV p. 36, Oct 71 

Resistors, f requency sensit ive (HN) 
W8YFB p- 54, Dec 70 
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p. 68, Ju l 71 

p. 58, Apr 75 

p. 8, J a n 70 

Resistors, frequency sensitive (letter) 
W5UHV 

RF amplifier, wideband 
WB4KSS 

Rf power-detecting devices 
K6JYO p. 28, Jun 70 

Rf power transistors, how to use 
WA7KRE 

Safety in the ham shack 
Darr, James p. 44, Mar 69 

Satellite communications, first step to 
K1MTA p. 52, Nov 72 
Added notes (letter) p. 73, Apr 73 

Satellite signal polarization 
KH61J p. 6, Dec 72 

Signal detection and communication 
in the presence of white noise 
WB6IOM p. 16, Feb 69 

Silver/silicone grease (HN) 
W6DDB p. 63, May 71 

Single-tuned interstage networks, 
designing 
K6ZGQ p. 59, Oct 68 

Smith chart, how to use 
WIOTY p. 16, Nov 7D 
Correction p. 76, Dec 71 

Solar activity, aspects of 
K3CHP p. 21, Jun 68 

Solar energy 
W3FQJ p. 54, Ju l 74 

Speech clippers, rf, performance of 
G6XN p. 26, Nov 72 

Square roots, finding (HN) 
K9DHD p. 67, Sep 73 
Increased accuracy (letter) p. 55, Mar 74 

Standing-wave ratios, importance of 
W2HB p. 26, Ju l 73 
Correction (letter) p. 67, May 74 

Stress analysis of antenna systems 
W2FZJ 

Tetrodes, external-anode 
W6SAI 

Thermoelectric power supplies 
K1AJE 

Thermometer, electronic 
VK3ZNV 

Three-phase motors (HN) 
W6HPH 

Thyristors, introduction to 
WA7KRE 

Toroidal coil inductance (HN) 
W3WLX 

Toroids, calculating inductance of 
WB9FHC p. 50, 

Toroids, plug-in (HN) 
K8EEG p. 60, 

Transistor amplifiers, tabulated 
characteristics of 
W5JJ p. 30, I 

Trig functions on a pocket calculator (HN) 
W9Z7K p. 60, I 

Tuning, Current-controlled 
K2ZSQ p. 38, 

TV sweep tubes in linear service, 
full-blast operation of 
W6SA1, W60UV p. 9, 

Vacuum-tube amplifiers, tabulated 
characteristics of 
W5JJ p. 30, I 

Warning lights, increasing reliability of 
W3NK p. 40, 

Wind direction indicator, digital 
W6GXN p. 14, 

Wind loading on towers and antenna 
structures, how to calculate 
K4KJ p. 16, i 
Added note p 56, 

Y parameters, using in rf amplifier design 
W A 0 T C U p. 46, 

operating 

p. 23, Oct 71 

p. 23, Jun 69 

p. 48, Sep 68 

p. 30, Apr 70 

p. 79. Aug 68 

p. 54, Oct 70 

p. 26, Sep 75 

Beam antenna headings 
W6FFC p. 64, Apr 71 

Code practice stations (letter) 
WB4LXJ P- 75, Dec 72 

Code practice •— the rf way 
WA4NED P- 65, Aug 68 

Code practice (HN) 
W20UX P- 74, May 73 

Computers and ham radio 
W5TOM p. 60, Mar 69 

CW monitor 
W2EEY P 46, Aug 69 

CW monitor and code-practice oscillator 
K6RIL P- 46, Apr 68 

CW monitor, simple 
WA90HR P- 65, Jan 71 

CW transceiver operation with 
transmit-receive offset 
W1DAX P- 56, Sep 70 

D X C C check list, simple 
W2CNQ P- 55, Jun 73 

Fluorescent light, portable (HN) 
K8BYO P- 62, Oct 73 

Great-circle charts (HN) 
K6KA P- 62, Oct 73 

How to be DX 
P-

W4NXO P- 58, Aug 68 
Identification timer (HN) 

K9UQN P- 60, Nov 74 
Magazines, use your old 

Foster P- 52, Jan 70 
Morse code, speed standards for 

VE2ZK P- 68. Apr 73 
Adder! note (letter) p. 68. Jan 74 

Protective material, plastic (HN) 
W6BKX P- 58, Dec 70 

Q S L return, statistics on 
WB6IUH P. 60, Dec 68 

Replays, instant (HN) 
W6DNS P 67, Feb 70 

Sideband location (HN) 
K6KA P- 62, Aug 73 

Spurious signals (HN) 
K6KA P- 61, Nov 74 

Tuning with ssb gear 
W 0 K D P- 40, Oct 70 

Zulu time (HN) 
K6KA P 58, Mar 73 

oscillators 
72 WA4FGY P- 28, Oct 68 72 

Audio oscillator, NE566 1C 
W1EZT p. 36, Jan 75 

71 Blocking oscillators 71 W6GXN P 45, Apr 69 

75 
Clock oscillator, T T L (HN) 

75 W9ZTK P- 56, Dec 73 

69 
Crystal oscillator, frequency adjustment of 

69 W9ZTK 
Crystal oscillator, high stability 

P- 42, Aug 72 

68 
W6TNS P- 36, Oct 74 

68 Crystal oscillator, miniature 
W6DOR P- 68, Dec 68 

Crystal oscillators 
71 W6GXN 

Crystal oscillators, stable 
P 33, Ju l 69 

70 D J 2 L R P- 34, Jun 75 
Correction p. 67, Sep 75 

68 Crystal switching (HN) 
K6LZM P. 70, Mar 69 

Crystal test oscillator and signal 
74 generator 
75 K4EEU 

Crystals, overtone (HN) 
P. 46, Mar 73 

72 G8ABR P- 72, Aug 72 
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Hex inverter vxo circuit 
W2LTJ P- 50, Apr 75 

Local oscillator, phase locked 
VE5FP p. Ma r 71 

Monitoring oscillator 
W2J I 0 P- 36, Dec 72 

Multiple band master-frequency oscillator 
K 6 S D X p. 50, Nov 75 

Multivibrator, crystal-controlled 
W N 2 M Q Y P- 65, Jul 71 

Oscillator, audio, IC 
W6GXN P- 50, Feb 73 

Oscillator, electronic keyer 
WA6JNJ P- 44, Jun 70 

Oscillator, FranWin (HN) 
W5JJ P- 61, Jan 72 

Oscillator, frequency measur ing 
W6 I EL P- 16, Apr 72 
Added notes P- 90, Dec 72 

Oscillator, gated (HN) 
WB9KEY P- 59, Jul 75 

Oscillator-monitor, audio 
W A 1 J S M P- 48, Sep 70 

Oscillator, phase-locked 
VE5FP P- 6, Ma r 71 

Oscillator, two-tone, for s s b testing 
W 6 G X N P- 11, Apr 72 

Oscillators (HN) 
widty P- 68, Nov 69 

Oscillators, cure for cranky (HN) 
W8YFB P- 55, Dec 70 

Oscillators, repairing 
Allen P- 69, Mar 70 

Oscillators, resistance-capacitance 
W 6 G X N P- 18, Jul 72 

Oscillators, s s b 
Belt P- 26, Jun 68 

Overtone oscillator (HN) 
W 5 U Q S P- 77, Oct 68 

Quadrature-phased local oscillator (letter) 
K6ZX P- 62, Sep 75 

Quartz crystals (letter) 
W B 2 E G Z P. 74, Dec 72 

TTL crystal oscillators (HN) 
W 0 J V A P- 60, A u g 75 

Vco, crystal-controlled 
WB6 IOM P- 58, Oct 69 

Vfo buffer amplifier (HN) 
W 3 Q B O P- 66, Jul 71 

Vfo, digital readout 
W B 8 I F M P. 14, Jan 73 

Vfo for solid-state transmitters 
W 3 Q B O P- 36, A u g 70 

Vfo, high stability 
WSYFB P- 14, Ma r 69 

Vfo, high-stability, vhf 
O H 2 C D P- 27, Jan 72 

Vfo, rmultiband fet 
K8EEG P 39, Jul 72 

Vfo. stable 
K4BGF P . 8, Dec 71 

Vfo, stable transistor 
W I D T Y P- 14, Jun 68 
Short circuit P- 34, A u g 68 

Vfo transistors (HN) 
W I O O P P. 74, Nov 69 

Vxo design, practical 
K6BIJ P- 22, Aug 70 

455-kHz bfo, transistorized 
W6BLZ, K5GXR P- 12, Jul 68 

power supplies 
Ac current monitor (letter) 

W B 5 M A P p. 61, Mar 75 
Ac power supply, regulated, for mobile 

fm equipment 
W A 8 T M P p. 28, Jun 73 

Arc suppress ion networks (HN) 
W A 5 E K A p. 70, Jul 73 

Batteries, selecting for portable equipment 
W A 0 A I K p. 40. Aug 73 

Battery drain, auxiliary, guard for (HN) 
W1D7Y p. 74, Oct 74 

Battery power 
W3FQJ p. 56, Aug 74 

Charger, fet-controlled, for nicad batteries 
W A 0 J Y K p. 46, A u g 75 

Current limiting (HN) 
W 0 L P Q p. 70, Dec 72 

Current limiting (letter) 
K 5 M K O p. 66, Oct 73 

Dc-dc converter, low-power 
W 5 M L Y p. 54, Mar 75 

Diodes for power supplies, choos ing 
W 6 B L Z p. 38, Jul 68 

Diode surge protection (HN) 
WA7LUJ p. 65, Mar 72 
Added note p. 77, Aug 72 

Dual-voltage power supply (HN) 
W I O O P p. 71, Apr 69 
Short circuit p. 80, Aug 69 

Dual-voltage power supply (HN) 
W5JJ p. 68, Nov 71 

Filament transformers, miniature 
Bailey p- 66, Sep 74 

High-power trouble shooting 
Allen p. 52, Aug 68 

IC power (HN) 
W 3 K B M p. 68, Apr 72 

IC regulated power supply 
W 2 F B W p. 50, Nov 70 

IC regulated power supply 
W 9 S E K p. 51, Dec 70 

IC regulated power supply for ICs 
W6GXN p. 28, Mar 68 
Short circuit p. 80, May 68 

Klystrons, reflex power for (HN) 
W 6 B P K p. 71, Jul 73 

Line transient protection (HN) 
W1DTY p. 75, Jul 68 

Line-voltage monitor (HN) 
WA8VFK p. 66, Jan 74 
Current monitor mod (letter) p. 61, Mar 75 

Load protection, scr (HN) 
W 5 0 Z F p. 62, Oct 72 

Low-value voltage source (HN) 
W A 5 E K A p. 66, Nov 71 

Low-voltage supply with short circuit 
Protection 
W B 2 E G Z p. 22, Apr 68 

Low-voltage supply (HN) 
W B 2 E G Z p. 57, Jun 68 

Meter safety (HN) 
W6VFR p. 68, Jul 72 

Mobile power supplies, troubleshooting 
Allen p. 56, Jun 70 

Mobile power supply (HN) 
W N 8 D J V p. 79, Apr 70 

Mobile supply, low-cost (HN) 
W4GEG p. 69, Jul 70 

Motorola Dispatcher, converting to 
12 volts 
W B 6 H X U p. 26, Jul 72 

Operational power supply 
W A 2 I K L p. 8, Apr 70 

Pilot-lamp life (HN) 
W 2 0 L U p. 71, Jul 73 

Polarity inverter, medium current 
Laughlin p. 26, Nov 73 

Power suppl ies for single s ideband 
Belt p. 38, Feb 69 

Power-supply hum (HN) 
W8YFB p. 64, May 71 

Power supply, improved (HN) 
W4ATE p. 72, Feb 72 

Power supply, precision 
W 7 S K p. 26, Jul 71 

Power supply protection for your solid-state 
circuits 
W5JJ p. 36, Jan 70 
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Precis ion vo l tage supp ly for 
phase- locked t e r m i n a l un i t (HN) 
WA6TLA p. 60, Ju l 74 

Pro tec t ion for so l id-s tate power supp l i es (HN) 
W3NK p. 66, Sep 70 

Rect i f ier , ha l f -wave, improved 
Bai ley p. 34, Oct 73 

Regulated so l id-s ta te h igh-vo l tage 
power supp ly 
W6GXN p. 40, Jan 75 
Short c i r cu i t p. 69, Apr 75 

Regulated 5-volt supp ly (HN) 
W6UNF p. 67, Jan 73 

SCR-regulated power supp l ies 
W4GOC p. 52, Ju l 70 

Solar energy 
W3FQJ p. 54, Ju l 74 

Solar power 
W3FQJ p. 52, Nov 74 

Step-star t c i r cu i t , h igh-vo l tage (HN) 
W6VFR p. 64, Sep 71 

Storage-bat tery QRP power 
W3FQJ p. 64, Oct 74 

Survey of so l id -s ta te power supp l ies 
W6GXN p. 25, Feb 70 
Shor t c i r cu i t p. 76, Sep 70 

Thermoe lec t r i c power supp l ies 
K1AJE p. 48, Sep 68 

T rans fo rmers , h igh-vo l tage, repa i r i ng 
W6NIF p. 66 Mar 69 

T rans fo rmer shor ts 
W6BLZ p. 36, Ju l 68 

T rans fo rmers , m i n i a t u r e (HN) 
W4ATE p. 67, Ju l 72 

Trans ients , r educ ing 
W5JJ p. 50, Jan 73 

V ib ra to r rep lacement , sol id-state (HN) 
K8RAY p. 70, Aug 72 

Vol tage regu la tors , IC 
W7FLC p. 22, Oct 70 

Vol tage regu la to r ICs, ad jus tab le 
WB9KEY p. 36, A u g 75 

Vol tage- regu la tor ICs, t h ree - te rm ina l 
WB5EMI p. 26, Dec 73 
Added note ( let ter) p. 73, Sep 74 

Wind genera to rs 
W3FQJ p. 50, Jan 75 

Zener d iodes (HN) 
K3DPJ p. 79, Aug 68 

6-meter sporad ic-E open ings , p r e d i c t i n g 
WA9RAQ p. 38, Oct 72 
Added note ( let ter) p. 69, Jan 74 

propagation 
Ar t i f i c ia l radio aurora , sca t te r i ng 

charac te r i s t i cs o f 
WB6KAP p. 18, Nov 74 

Echoes, long delay 
WB6KAP p. 61, May 69 

Ionospher ic E-layer 
WB6KAP p. 58, Aug 69 

Ionospher ic sc ience, shor t h is tory o f 
WB6KAP p. 58, Jun S3 

Long-d is tance h igh f requency c o m m u n i c a t i o n s 
WB6KAP p. 80, Ju l 68 

M a x i m u m usable f requency , p red i c t i ng 
WB6KAP p. 70, Sep 68 

Quiet sun, the 
WB6KAP p. 76, Dec 68 

Scat ter -mode p ropaga t i on , f requency 
synchron iza t ion fo r 
K20VS p. 26, Sep 71 

Solar cyc le 20, vh fe r ' s v iew of 
WA5IYX p. 46, Dec 74 

Sunspot numbers 
WB6KAP p. 63, Ju l 69 

Sunspot numbers , smoo thed 
WB6KAP p. 72, Nov 68 

Sunspots and so lar ac t iv i ty 
WB6KAP p. 60, Jan 69 

Tropospher ic -duc t vhf c o m m u n i c a t i o n s 
WB6KAP p. 68, Oct 69 

receivers and 
converters 
general 
Antenna impedance t r a n s f o r m e r for 

receivers (HN) 
W6NIF p. 70, Jan 70 

An tenna tune r , m i n i a t u r e receiver (HN) 
WA7KRE p. 72, Mar 69 

Ant i -QRM methods 
W3FQJ p. 50, May 71 

A t t enua t i on pads, receiv ing ( let ter) 
K 0 H N Q p. 69, Jan 74 

Aud io age amp l i f i e r 
WA5SNZ p. 32, Dec 73 

Aud io age p r inc ip les and p rac t i ce 
WA5SNZ p. 28, Jun 71 

Aud io a m p l i f i e r and sque lch c i r cu i t 
W6AJF p. 36, A u g 68 

Aud io f i l te r fo r CW, tunab le 
WA1JSM p. 34, Aug 70 

Aud io f i l te r - f requency t rans la to r fo r CW 
recept ion 
W2EEY p. 24, Jun 70 

Aud io f i l t e r m o d (HN) 
K6HIU p. 60, Jan 72 

Aud io f i l te r , s imp le 
W4NVK p. 44, Oct 70 

Aud io f i l ters, CW (letter) 
6Y5SR p. 56, Jun 75 

Audio- f i l te rs , inexpensive 
W8YFB p. 24, Aug 72 

Aud io f i l te r , t unab le peak-notch 
W2EEY p. 22, Mar 70 

Aud io f i l te r , va r iab le bandpass 
W3AEX p. 36, Apr 70 

Aud io modu le , comple te 
K4DHC p. 18, Jun 73 

Bat ter ies , how to select fo r po r tab le 
e q u i p m e n t 
W A 0 A I K p. 40, Aug 73 

Bfo mu l t i p lexer fo r a m u l t i m o d e de tec to r 
WA3YGJ p, 52, Oct 75 

Ca l i b ra to r c rys ta l s (HN) 
K6KA p. 66, Nov 71 

Ca l ib ra tor , p lug- in f requency 
K6KA p. 22, Mar 69 

Ca l ib ra tor , s imp le f requency-d iv ider 
us ing mos ICs 
W6GXN p. 30, Aug 69 

C o m m u n i c a t i o n s receivers, des ign ideas for 
Moore p. 12, Juri 74 

C o m m u n i c a t i o n s receivers, des ign ing 
for s t rong-s igna l pe r fo rmance 
Moore p. 6, Feb 73 

Conver t i ng a vacuum- tube receiver to 
solid-state 
W I O O P p. 26, Feb 69 

Counter d ia ls, e lec t ron ic 
K6KA p. 44, Sep 70 

CW f i l te r , a d d i n g (HN) 
W 2 0 U X p. 66, Sep 73 

CW mon i t o r , s imp le 
W A 9 0 H R p. 65, Jan 71 

CW processor for c o m m u n i c a t i o n s receivers 
W6NRW p. 17, Oct 71 

CW recept ion, enhanc ing t h r o u g h a 
s imu la ted-s tereo techn ique 
WA1MKP p. 61, Oct 74 

CW recept ion, noise reduc t ion for 
W2ELV p. 52, Sep 73 

CW regenera tor for in ter ference- f ree 
c o m m u n i c a t i o n s 
Leward, L ibenschek p. 54, Apr 74 
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CW select iv i ty w i th crysta l bandpassing 
W2EEY p. 52, Jun 69 

CW transceiver operat ion wi th t ransmit- receive 
offset 
W1DAX p. 56, Sep 70 

Detector, rec iprocat ing 
W1SNN p. 32, Mar 72 
Added notes p, 54, Mar 74; p, 76, May 75 

Detector, superregenerat ive, op t im iz ing 
Ring p. 32, Jul 72 

Detectors, ssb 
Belt p. 22, Nov 68 

Diversity receiv ing system 
W2EEY p. 12, Dec 71 

Filter a l ignment 
W7UC p. 61, Aug 75 

Filter, vari-Q 
W1SNN p. 62, Sep 73 

Frequency ca l ibrator , how to design 
W3AEX p. 54, Jul 71 

Frequency ca l ibra tor , receiver 
W5UQS p. 28, Dec 71 

Frequency measurement of received 
signals 
W4AAD p. 38, Oct 73 

Frequency spot ter , general coverage 
W5JJ p. 36, Nov 70 

Frequency s tandard (HN) 
WA7JIK p. 69, Sep 72 

Frequency s tandard, universal 
K4EEU p. 40, Feb 74 
Short c i rcu i t p. 72, May 74 

Hang age c i rcu i t fo r ssb and CW 
W1ERJ p. 50, Sep 72 

Headphone cords (HN) 
W20LU p. 62, Nov 75 

l-f cathode jack 
W6HPH p. 28, Sep 68 

l-f system, mu l t imode 
WA2IKL p. 39, Sep 71 

Image suppression (HN) 
W6NIF p. 68, Dec 72 

Inte l l ig ib i l i ty of communica t ions receivers, 
improv ing 
WA5RAQ p. 53, Aug 70 

Interference, electr ic fence 
K6KA p. 68, Jul 72 

Interference, hi-f i (HN) 
K6KA p. 63, Mar 75 

Interference, rf 
W1DTY p. 12, Dec 70 

Interference, rf 
WA3NFW p. 30, Mar 73 

Interference, rf, its cause and cure 
G3LLL p. 26, Jun 75 

Local osci l lator , phase-locked 
VE5FP p. 6, Mar 71 

Local-osci l lator waveform effects 
on spur ious mixer responses 
Robinson, Smi th p. 44, Jun 74 

Mixer, crysta l 
W2LTJ p. 38, Nov 75 

Noise blanker 
K4DHC p, 38, Feb 73 

Noise blanker, hot-carrier diode 
W4KAE p. 16, Oct 69 
Short c i rcu i t p. 76, Sep 70 

Noise blanker, IC 
W2EEY p. 52, May 69 
Short c i rcu i t p. 79, Jun 70 

Noise f igure, the real meaning of 
K6MIO p. 26, Mar 69 

Panoramic recept ion, s imple 
W2EEY p, 14, Oct 68 

Phase-shift networks, design cr i ter ia 
G3NRW p. 34, Jun 70 

Product detector , hot-carr ier diode 
VE3GFN p. 12, Oct 69 

Radio-direction f inder 
W6JTT p. 38, Mar 70 

Radio-frequency inter ference 
WA3NFW p. 30, Mar 73 

Radiotelegraph t rans lator and t ranscr iber 
W7CUU, K7KFA p. 8, Nov 71 
E l iminat ing the matr ix 
KH6AP p. 60, May 72 

Receiver impedance match ing (HN) 
W 0 Z F N p. 79, Aug 68 

Receiving RTTY, automat ic f requency 
contro l fo r 
W5NPO p. 50, Sep 71 

Reciprocat ing detector as f m d iscr im inator 
W1SNN p. 18, Mar 73 

Reciprocat ing-detector converter 
W1SNN p. 58, Sep 74 

Rf ampl i f iers for commun ica t ions receivers 
Moore p. 42, Sep 74 

Rf ampl i f ier , wideband 
WB4KSS p. 58, Apr 75 

S-meter readings (HN) 
W1DTY p. 56, Jun 68 

Select ivi ty, receiver (letter) 
K4ZZV p. 68, Jan 74 

Sensi t iv i ty , noise f igure and dynamic range 
WlDTY p. 8, Oct 75 

S-meters, sol id-state 
K6SDX p. 20, Mar 75 

Spect rum analyzer, four channel 
W9IA p. 6, Oct 72 

Squelch, audio-actuated 
K4MOG p. 52, Apr 72 

Ssb signals, mon i to r ing 
W6VFR p. 36, Mar 72 

Superregenerat ive detector, op t im iz ing 
Ring p. 32, Jul 72 

Superregenerat ive receiver, improved 
JA1BHG p. 48, Dec 70 

Threshold-gate/ l imi ter for CW recept ion 
W2ELV p. 46, Jan 72 
Added notes (letter) 
W2ELV p. 59, May 72 

Weak s ignal reception in CW receivers 
ZS6BT p. 44, Nov 71 

high-frequency receivers 
Bandpass f i l ters for receiver preselectors 

W7ZOI p. 18, Feb 75 
Bandpass tuning, electronic, in the Drake R-4C 

Horner p. 58, Oct 73 
BC-603 tank receiver, updat ing the 

WA6IAK p. 52, M a / 68 
BC-1206 for 7 MHz, converted 

W4FIN p. 30, Oct 70 
Short c i rcu i t p. 72, Apr 71 

Col l ins 75A4 h ints (HN) 
W6VFR p. 68, Apr 72 

Coll ins 75A-4 modi f icat ions (HN) 
W4SD p. 67, Jan 71 

Communicat ions receiver, f ive band 
K6SDX p. 6, Jun 72 

Communicat ions receiver for 80 
meters, IC 
VE3ELP p. 6, Jul 71 

Communica t ions receiver, micropower 
WB9FHC p. 30, Jun 73 
Short c i rcu i t p. 58, Dec 73 

Communica t ions receiver, min ia tur ized 
K4DHC p. 24, Sep 74 

Communicat ions receiver, sol id-state 
I5TDJ p. 32, Oct 75 
Correct ion p. 59, Dec 75 

Companion receiver, al l -mode 
W1SNN p. 18, Mar 73 

Converter, hf, sol id-state 
VE3GFN p. 32, Feb 72 

Converter, tuned very low-frequency 
OH2KT p. 49, Nov 74 

Direct-conversion receivers 
W3FQJ p. 59, Nov 71 

Direct-conversion receivers, improved 
select iv i ty 
K6BIJ p. 32, Apr 72 
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Direct-conversion receivers, 
simple active filters for 
W7ZOI p. 12, Apr 74 

E S S A weather receiver 
W 6 G X N p. 36, May 68 

Fet converter, bandswitching, for 
40, 20, 15 and 10 (VE3GFN) p. 6, Jul 68 
postscript p. 68, May 69 

Fet converter for 10 to 40 meters, second-
generation 
VE3GFN p. 28, Jan 70 
Short circuit p. 79, Jun 70 

Frequency synthesizer for the Drake R-4 
W 6 N B I p. 6, Aug 72 
Modification (letter) p. 74, Sep 74 

Gonset converter, solid-state modification of 
Schuler p. 58, Sep 69 

Hammar lund HQ215, adding 160-meter 
coverage 
W 2 G H K p. 32, Jan 72 

Heath SB-650 frequency display, us ing 
with other receivers 
K 2 B Y M p. 40, Jun 73 

High dynamic range receiver input stages 
DJ2LR p. 26, Oct 75 

Incremental tuning to your 
transceiver, adding 
VE3GFN p. 66, Feb 71 

Monitoring oscillator 
W2JIO p. 36, Dec 72 

Outboard receiver with a transceiver 
W1DTY p. 12, Sep 68 

Outboard receiver with the SB-100, 
us ing an (HN) 
K 4 G M R p. 68, Feb 70 

Overload response in the Coll ins 75A-4 
receiver, improving 
W6ZO p. 42, Apr 70 
Short circuit p. 76, Sep 70 

Phasing-type s s b receiver 
W A 0 J Y K p. 6, Aug 73 
Short circuit p. 58, Dec 73 
Added note (letter; p. 63, Jun 74 

Preamplifier, emitter-tuned, 21 M H z 
W A 5 S N 2 p. 20, Apr 72 

Preamplifier, low-noise high-gain transistor 
W2EEY p. 66, Feb 69 

Preselector, general-coverage (HN) 
W 5 0 Z F p. 75, Oct 70 

Q5er, solid-state 
W5TKP p. 20, Aug 69 

Receiver incremental tuning for the 
Swan 350 (HN) 
K1KXA p. 64, Jul 71 

Receiver, reciprocating detector 
W 1 S N N p. 44, Nov 72 
Correction (letter) p. 77, Dec 72 

Receiver, versatile solid-state 
W1PLJ p. 10, Jul 70 

Receiving RTTY with Heath S B receivers (HN) 
K9HVW p. 64, Oct 71 

Rf amplifiers, selective 
K6BIJ p. 58, Feb 72 

Regenerative detectors and a wideband 
amplifier for experimenters 
W8YFB p. 61, Mar 70 

RTTY monitor receiver 
K4EEU p. 27, Dec 72 

RTTY receiver-demodulator far net 
operation 
V E 7 B R K p. 42, Feb 73 

RTTY with SB-300 
W2ARZ p. 76, Jul 68 

Swan 350 CW monitor (HN) 
K I KXA p. 63, Jun 72 

Transceiver selectivity improved (HN) 
V E 3 B W D p. 74, Oct 70 

Tuner overload, eliminating (HN) 
VE3GFN p. 66, Jan 73 
Attenuators for (letter) p. 69, Jan 74 

Two-band novice superhet 
Thorpe p. 66, A u g 68 

Weather receiver, low-frequency 
W 6 G X N p. 36, Oct 68 

WWV receiver, fixed-tuned 
W6GXN p. 24, Nov 69 

WWV receiver, regenerative 
W A 5 S N Z p. 42, Apr 73 

WWV receiver, simple (HN) 
W A 3 J B N p. 68, Jul 70 
Short circuit p. 72, Dec 70 

WWV receiver, simple (HN) 
W A 3 J B N p. 55, Dec 70 

WWV-WWVH, amateur applications for 
W3FQJ p. 53, Jan 72 

455-kHz bfo, transistorized 
W6BLZ, K5GXR p. 12, Jul 68 

160-meter receiver, simple 
W6FPO p. 44, Nov 70 

1.9 M H z receiver 
W 3 T N O p. 6, Dec 69 

7 -MHz s sb receiver and transmitter, s imple 
V E 3 G S D p. 6, Ma r 74 
Short circuit p, 62, Dec 74 

28-MHz superregen receiver 
K2ZSQ p. 70, Nov 68 

vhf receivers 
and converters 
Converters for six and two meters, mosfet 

W B 2 E G Z p. 41, Feb 71 
Short circuit p. 96, Dec 71 

Cooled preamplifier for vhf-uhf 
W A 0 R D X p, 36, Jul 72 

Fet converters for 50, 144, 220 and 
432 M H z 
W6AJF p. 20, Mar 68 

Filter-preamplifiers for 50 and 144 M H z 
etched 
W 5 K N T p. 6, Feb 71 

Fm channel scanner 
W2FPP p. 29, Aug 71 

Fm communicat ions receiver, modular 
K 8 A U H p. 32, Jun 69 
Correction p. 71, Jan 70 

Fm receiver frequency control (letter) 
W3AFN p. 65, Apr 71 

Fm receiver performance, compar i son of 
V E 7 A B K p. 68, Aug 72 

Fm receiver, multichannel for six and two 
W 1 S N N p. 54, Feb 74 

Fm receiver, tunable vhf 
K 8 A U H p. 34, Nov 71 

Fm receiver, uhf 
WA2GCF p. 6, Nov 72 

Fm repeaters, receiving sys tem 
degradation in 
K5ZBA p. 36, May 69 

HW-17A, perking up (HN) 
W B E G Z p. 70. Aug 70 

Interdigital preamplifier and comb-line 
bandpass filter for vhf and uhf 
W 5 K H T p. 6, Aug 70 

Interference, scann ing receiver (HN) 
K2YAH p. 70, Sep 72 

Monitor receivers, two-meter fm 
W B 5 E M I p. 34, Apr 74 

Overload problems with vhf converters, 
solving 
W I O O P p. 53, Jan 73 

Receiver alignment techniques, vhf fm 
K4 IPV p. 14, Aug 75 

Receiver, modular two-meter fm 
WA2GFB p. 42, Feb 72 

Receiver, vhf fm 
WA2GCF p. 8, Nov 75 

Scann ing receiver for vhf fm, improved 
WA2GCF p. 26, Nov 74 

Scann ing receiver modifications, 
vhf fm (HN) 
W A 5 W O U p. 60, Feb 74 

132 S 3 december 1975 



Scanning receivers for two-meter fm 
K4IPV p. 28, Aug 74 

Six-meter converter, improved 
K1BQT p. 50, Aug 70 

Six-meter mosfet converter 
WB2EGZ p. 22, Jun 68 
Short c i rcu i t p. 34, Aug 68 

Squelch-audio ampl i f ie r for f m receivers 
WB4WSU p. 68, Sep 74 

Ssb mini- tuner 
K1BQT p. 16, Oct 70 

Two-meter converter, 1.5 dB NF 
WA6SXC p. 14, Jul 68 

Two-meter mosfet converter 
WB2EGZ p. 22, Aug 68 
Neutral iz ing p. 77, Oct 68 

Two-meter preamp, MM5000 
W4KAE p. 49, Oct 68 

Vhf converter per formance, 
op t imiz ing (HN) 
K2FSQ p. 18, Jul 68 

Vhf f m receiver ( letter) 
K8IHQ p. 76, May 73 

Vhf receiver scanner 
K2LZG p. 22, Feb 73 

Vhf superregenerat ive receiver, low-voltage 
WA5SNZ p. 22, Jul 73 
Short c i rcu i t p. 64, Mar 74 

28-30 MHz preampl i f ier for satel l i te 
reception 
W1JAA p. 48, Oct 75 

50-MHz preampl i f ier , improved 
WA2GCF p. 46, Jan 73 

144-MHz converter (HN) 
K0VQY p. 71, Aug 70 

144-MHz converter (letter) 
W0LER p. 71, Oct 71 

144 MHz converter, hot-carrier diode 
K8CJU p. 6, Oct 69 

144-MHz converter, modular 
W6UOV p. 64, Oct 70 

144 MHz converters, choosing fets for (HN) 
K6JYO p. 70, Aug 69 

144-MHz preamp, super (HN) 
K6HCP p. 72, Oct 69 

144-MHz preampl i f ier , Improved 
p. 72, Oct 

WA2GCF p. 25, Mar 72 
Added notes p. 73, Jul 72 

220-MHz mosfet converter 
WB2EGZ p. 28, Jan 69 
Short c i rcu i t p. 76, Jul 69 

432-MHz converter, low-noise 
p. 76, Jul 

K6JC p. 34, Oct 70 
432-MHz fet converter, low noise 

WA6SXC p. 18, May 68 
432 MHz preamp (HN) 

W1DTY p. 66, Aug 69 
432 MHz preampl i f ier and converter 

WA2GCF p. 40, Jul 75 
1296-MHz converter, solid-state 

p. 40, Jul 

VK4ZT p. 6, Nov 70 
1296 MHz, double-balanced mixers for 

WA6UAM p. 8, Jul 75 
1296-MHz preampl i f ier 

WA6UAM p. 42, Oct 75 
1296-MHz preampl i f ier , low-noise 

WA2VTR p. 50, Jun 71 
Added note (letter) p. 65, Jan 72 

2340-MHz converter, solid-state 
K2JNG, WA2LTM, WA2VTR p. 16, Mar 72 

2304-MHz preampl i f ier , sol id-state 
WA2VTR p. 20, Aug 72 

receivers and converters, 
test and troubleshooting 
Receiver a l ignment 

Allen p, 64, Jun 68 
Rf and i-f ampl i f iers, t roubleshoot ing 

Allen p. 60, Sep 70 

Signal inject ion in ham receivers 
Al len p. 72, May 68 

Signal t rac ing in ham receivers 
Al len p. 52, Apr 68 

Weak-signal source, var iable-output 
K6JYO p. 36, Sep 71 

Weak-signal source, 144 and 432 MHz 
K6JC p. 58, Mar 70 

Weak-signal source, 432 and 1296 MHz 
K6RIL p. 20, Sep 68 

RTTY 
AFSK generator, crystal-control led 

K7BVT P- 13, , Jul 72 
AFSK generator, crystal-control led 

W6LLO p. 14, Dec 73 
Sluggish osci l lator (letter) P- 59, Dec 74 

AFSK osci l lators, solid-state 
P- 59, 

WA4FGY p. 28, Oct 68 
Audio-frequency keyer, s imple 

W2LTJ p. 56, Aug 75 
Audio-shi f t keyer, cont inuous-phase 

VE3CTP p- 10, Oct 73 
Short c i rcu i t p. 64, Mar 74 

Automat ic f requency contro l for 
receiving RTTY 
W5NPO p. 50, Sep 71 
Added note (letter) P- 66, Jan 72 

Autostar t , d ig i ta l RTTY 
P- 66, 

K4EEU P- 6, Jun 73 
Autostar t moni tor receiver 

K4EED p. 37, Dec 72 
CRT intensif ier for RTTY 

K4VFA P- 18, Jul 71 
Carriage return, adding to the automat ic 

line-feed generator (HN) 
K4EEU p. 71. Sep 74 

Coherent f requency-shi f t keying, need for 
K3WJQ p. 30, Jun 74 
Added notes (letter) p. 58, Nov 74 

Crystal test osci l lator and signal 
generator 
K4EEU p. 46, Mar 73 

CW memory for RTTY ident i f icat ion 
W6LL0 P- 6, Jan 74 

Electronic speed conversion for RTTY 
te lepr inters 
WA6JYJ P- 36, Dec 71 
Printed c i rcu i t for p. 54, Oct 72 

Frequency-shift meter, RTTY 
VK3ZNV P- 53, Jun 70 

Line-end indicator, tC 
W 2 0 K 0 P- 22, Nov 75 

Line feed, automat ic for RTTY 
K4EEU P- 20, Jan 73 

Mainl ine ST-5 autostart and ant ispace 
K2YAH p. 46, Dec 72 

Mainl ine ST-5 RTTY demodulator 
W6FFC p. 14, Sep 70 
Short c i rcu i t P- 72, Dec 70 

Mainl ine ST-6 RTTY demodulator 
W6FFC p. 6, Jan 71 
Short c i rcui t p. 72, Apr 71 

Mainl ine ST-6 RTTY demodulator, more 
uses for (letter) 
W6FFC p. 69, Jul 71 

Mainl ine ST-6 RTTY demodulator , 
t roubleshoot ing 
W6FFC p. 50, Feb 71 

Message generator, random access memory 
RTTY 
K4EEU P- 8, Jan 75 

Message generator, RTTY 
W60XP, W8KCQ p. 30, Feb 74 

Monitor scope, phase-shift 
W3CIX p. 36, Aug 72 

Moni tor scope, RTTY, Heath 
HO-IO and SB-610 as (HN) 
K9HVW p. 70, Sep 74 
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Monitor scope, RTTY, solid-state 
WB2MP2 p. 33, Oct 71 

Phase-locked loop AFSK generator 
K7ZOF p. 27, Mar 73 

Phase-locked loop RTTY terminal unit 
W4FQM p. 8, Jan 72 
Correction p. 60, May 72 
Power supply for p. 60, Jul 74 
Optimization of the phase-
locked terminal unit p. 22, Sep 75 

Precise tuning with s sb gear 
W 0 K D p. 40, Oct 70 

Printed circuit for RTTY speed converter 
W7POG p. 54, Oct 72 

Receiver-demodulator for RTTY net 
operation 
VE7BRK p. 42, Feb 73 

Ribbon re-inkers 
W6FFC p. 30, Jun 72 

RTTY converter, miniature IC 
K9MRL p. 40, May 69 
Short circuit p. 80, Aug 69 

RTTY distortion: causes and cures 
WB61MP p. 36, Sep 72 

RTTY for the blind (letter) 
VE7BRK p. 76, Aug 72 

RTTY, introduction to 
K6JFP p. 38, Jun 69 

RTTY line-length indicator <HN) 
W2UVF p. 62, Nov 73 

RTTY reception with Heath S B receivers (HN) 
K9HVW p. 64, Oct 71 

RTTY with the SB-300 
W2ARZ p, 76, Jul 68 

Signal Generator, RTTY 
W7ZTC p. 23, Mar 71 
Short circuit p. 96, Dec 71 

Speed control, electronic, for RTTY 
W3VF p. 50, Aug 74 

ST-5 keys polar relay (HN) 
W 0 L P D p. 72, May 74 

Swan 350 and 400 equipment on RTTY (HN) 
WB2M IC p. 67, Aug 69 

Synchrophase afsk oscillator 
W6FOO p. 30, Dec 70 

Synchrophase RTTY reception 
W6FOO p. 38, Nov 70 

Teleprinters, new look in 
W6JTT p. 38, Jul 70 

Terminal unit, phase-locked loop 
W4FQM p. 8, Jan 72 
Correction p. 60, May 72 

Terminal unit, phase-locked loop 
W4AYV p. 36, Feb 75 

Terminal unit, variable-shift RTTY 
W3VF p. 16, Nov 73 

Test generator, RTTY (HN) 
W3EAG p. 67, Jan 73 

Test generator, RTTY (HN) 
W3EAG p. 59, Mar 73 

Voltage supply, precision for 
phase-locked terminal unit (HN) 
WA6TLA p. 60, Jul 74 

satellites 
Amateur radio in space, bibliography 

W 6 0 L 0 p. 60, Aug 68 
Addenda p. 77, Oct 68 

Antenna control, automatic azimuth/elevation 
for satellite communications 
WA3HLT p. 26, Jan 75 
Correction p. 58, Dec 75 

Antenna, simple satellite (HN) 
WA6PXY p. 59, Feb 75 

Antennas, simple, for satellite 
communications 
K4GSX. p. 24, May 74 

Az-el antenna mount for satellite 
communications 
W2LX p. 34, Mar 75 

Circularly-polarized ground-plane 
antenna for satellite communications 
K4GSX p. 28, Dec 74 

Communications, first step to satellite 
K1MTA p. 52, Nov 72 
Added notes (letter) p. 73, Apr 73 

Oscar 7, communications techniques for 
G3ZCZ p. 6, Apr 74 

Picture transmission, recording satellite 
W6CCN p. 6, Nov 68 

Signal polarization, satellite 
KH6IJ p. 6, Dec 72 

28-30 MHz preamplifier for satellite 
reception 
W1JAA p. 48, Oct 75 

432-MHz OSCAR antenna (HN) 
W1JAA p. 58, Jul 75 

semiconductors 
Antenna switch for meters, solid-state 

K2ZSQ p. 48, May 69 
Avalanche transistor circuits 

W4NVK p. 22, Dec 70 
Beta master, the 

K8ERV p. 18, Aug 68 
Charge flow in semiconductors 

W B 6 B I H p. 50, Apr 71 
Converting a vacuum-tube receiver to 

solid-state 
W I O O P p. 26, Feb 69 
Short circuit p. 76, Jul 69 

Converting vacuum tube equipment to 
solid-state 
W2EEY p. 30, Aug 68 

Curve master, the 
K8ERV p. 40, Mar 68 

Diodes, evaluating 
W5JJ p. 52, Dec 71 

Dynamic transistor tester (HN) 
VE7ABK p. 65, Oct 71 

Fet bias problems simplified 
WA5SNZ p. 50, Mar 74 

Fet biasing 
W3FQJ p. 61, Nov 72 

Fetrons, solid-state replacements for tubes 
W1DTY p. 4, Aug 72 
Added notes p. 66, Oct 73; p. 62, Jun 74 

Frequency multipliers 
W6GXN p. 6, Aug 71 

Frequency mult ip l iers, t r ans i s to r 
W6AJF p. 49, Jun 70 

Glass semiconductors 
W1EZT p. 54, Jul 69 

Grid-dip oscillator, solid-state conversion of 
W6AJZ p. 20, Jun 70 

Heatsink problems, how to solve transistor 
WA5SNZ p. 46, Jan 74 

Impulse generator, snap diode 
Siegat, Turner p. 29, Oct 72 

Infection lasers, high power 
M ims p. 28, Sep 71 

Injection lasers (letter) 
M ims p. 64, Apr 71 

Linear power amplifier, high power solid-state 
Chambers p. 6, Aug 74 

Linear transistor amplifier 
W3FQJ p. 59, Sep 71 

Long-tail transistor biasing 
W2DXH p. 64, Apr 68 

Mobile converter, solid-state modification of 
Schuler p. 58, Sep 69 

Mosfet circuits 
W3FQJ p. 50, Feb 75 

Mosfet transistors (HN) 
WB2EGZ p. 72, Aug 69 

Motorola fets (letter) 
W1CER p. 64, Apr 7t 

Motorola M P S transistors (HN) 
W2DXH p. 42, Apr 68 
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Neutralizing small-s ignal amplifiers 
W A 4 W D K p. 40, Sep 70 

Noise, zener-diode <HN) 
V E 7 A B K p. 59, Jun 75 

Parasitic oscil lations in high-power 
transistor rf amplifiers 
W 0 K G I p. 54, Sep 70 

Pentode replacement (HN) 
W1DTY p. 70, Feb 70 

Power diss ipation ratings of transistors 
W N 9 C G W p. 56, Jun 71 

Power fets 
W3FQJ p. 34, Apr 71 

Power transistors, parallelling (HN) 
W A 5 E K A p. 62, Jan 72 

Relay, transistor replaces (HN) 
W 3 N K p. 72, Jan 70 

Replace the unijunction transistor 
K9VXL p. 58, Apr 68 

Rf power detecting devices 
K6JYO p. 28, Jun 70 

Rf power transistors, how to use 
W A 7 K R E p. 8, Jan 70 

Snap diode impulse generator 
Slegal, Turner p. 29, Oct 72 

Surp lus transistors, identifying 
W2FPP p. 38, Dec 70 

Thyristors, introduction to 
W A 7 K R E p. 54, Oct 70 

Transconductance tester for field-effect 
transistors 
W6NB1 p. 44, Sep 71 

Transistor amplifiers, tabulated 
characteristics of 
W5JJ p. 30, Ma r 71 

Transistor and diode tester 
ZL2AMJ p. 65, Nov 70 

Transistor breakdown voltages 
WA5EKA p, 44, Feb 75 

Transistors for vhf transmitters (HN) 
W I O O P p. 74, Sep 69 

Transistor storage (HN) 
K8ERV p. 58, Jun 68 

Transistor tester 
W A 6 N I L p. 48, Jul 68 

Transistor tester for leakage and gain 
W 4 B R S p. 68, May 68 

Transistor testing 
Alien p. 62, Jul 70 

Transistor-tube talk (HN) 
W A 4 N E D p. 25, Jun 68 

Trapatt diodes (letter) 
W A 7 N L A p. 72, Apr 72 

Troubleshooting around fets 
Allen p. 42, Oct 68 

Troubleshooting transistor ham gear 
Allen p. 64, Jul 68 

Vfo transistors (HN) 
W I O O P p. 74, Nov 69 

Y parameters in rf design, us ing 
W A 0 T C U p. 46, Jul 72 

Zener diodes (HN) 
K3DPJ p. 79, A u g 68 

Zener tester, Low voltage (HN) 
K3DPJ p. 72, Nov 69 

single sideband 
Balanced modulator, integrated-circuit 

K7QWR p. 6, Sep 70 
Balanced modulators, dual fet 

W3FQJ p. 63, Oct 71 
Communicat ions receiver, phasing-type 

W A 0 J Y K p. 6, A u g 73 
Converting a-m power amplifiers to 

ssb service 
WA4GNW p. 55, Sep 68 

Converting the Swan 120 to two meters 
K6R IL p. 8, May 68 

Detectors, s s b 
Belt p. 22, Nov 68 

Detector, ssb, IC (HN) 
K 4 0 D S p. 67, Dec 72 
Correction p. 72, Apr 73 

Double-balanced mixers 
W1DTY p. 48, Mar 68 

Double-balanced modulator, broadband 
W A 6 N C T p. 8, Mar 70 

Electronic bias switching for linear 
amplifiers 
W6VFR p. 50, Mar 75 

Filters, single-sideband 
Belt p. 40, Aug 68 

Filters, s s b (HN) 
K6KA p. 63, Nov 73 

Frequency dividers for s sb 
W 7 B Z p. 24, Dec 71 

Frequency translation in s s b 
transmitters 
Belt p. 22, Sep 68 

Generating s s b s ignals with 
suppressed carriers 
Belt p. 24, May 68 

Guide to single sideband, a 
beginner ' s 
Belt p. 66, Mar 68 

Hang age circuit for s s b and CW 
W1ERJ p. 50, Sep 72 

Intermittent voice operation of power tubes 
W 6 S A I p. 24, Jan 71 

I ntermodulat ion-distort ion measurements 
on s s b transmitters 
W6VFR p. 34, Sep 74 

Linear amplifier, five-band conduction-
cooled 
W9K IT p. 6, Jul 72 

Linear amplifier, five-band kilowatt 
W40Q p. 14, Jan 74 
Improved operation (letter) p. 59, Dec 74 

Linear amplifier, homebrew five-band 
W71V p. 30, Mar 70 

Linear amplifier performance, improving 
W4PS J p. 68, Oct 71 

Linear amplifier, 100-watt 
W6WR p. 28, Dec 75 

Linear, five-band hf 
W7D I p. 6, Mar 72 

Linear for 80-10 meters, high-power 
W 6 H H N p. 56, Apr 71 
Short circuit p. 96, Dec 71 

Linear power amplifiers 
Belt p. 16, Apr 68 

Linears, three bands with two (HN) 
W4NJF p. 70, Nov 69 

Minituner, s s b 
K 1 B Q T p. 16, Oct 70 

Modify ing the Heath SB-200 amplifier 
for the new 8873 zero-bias triode 
W6UOV p. 32, Jan 71 

Oscillators, s s b 
Belt p. 26, Jun 68 

Peak envelope power, how to measure 
W5JJ p. 32, Nov 74 

Phase-shift networks, des ign criteria for 
G 3 N R W p. 34, Jun 70 

Phase-shift s s b generators 
Belt p. 20, Jul 68 

Power suppl ies for s sb 
Belt p. 38, Feb 69 

Precise tuning with s sb gear 
W 0 K D p. 40, Oct 70 

Pre-emphasis for s sb transmitters 
O H 2 C D p. 38, Feb 72 

Rating tubes for linear amplifier service 
W6UOV, W6SA I p. 50, Mar 71 

Rf clipper for the Collins S-line 
K6JYO p. 18, Aug 71 
Letter p. 68, Dec 71 

Rf speech processor, s sb 
W 2 M B p. 18, Sep 73 

S ideband location (HN) 
K6KA p. 62, A u g 73 
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Solid-state circuits for s s b Vox, versatile 
Belt p. 18, Jan 69 W 9 K I T P- 50, Jul 7 1 

Solid-state t ransmitt ing converter for Short circuit P- 96, Dec 71 
144-MHz s s b 3-500Z in amateur service, the 
W 6 N B I p. 6, Feb 74 W 6 S A I P 56, M a r 68 
Short circuit p, 62. Dec 74 144-MHz linear, 2kW 

Speech clipper, IC W 6 U 0 V , W 6 Z 0 , K 6 D C P- 26, Apr 70 
K 6 H T M p. 18, Feb 73 144-MHz low-drive kilowatt l inear 
Added notes (letter) p. 64, Oct 73 W 6 H H N P- 26, Jul 70 

Speech clipper, rf, construct ion 144-MHz transverter, the TR-144 
G 6 X N p. 12, Dec 72 K 1 R A K P- 24. Feb 72 

Speech cl ippers, rf, performance of 432 M H z rf power amplifier 
G 6 X N p. 26, Nov 72 K6JC P- 40, Apr 70 
Added notes p. 58, A u g 73; p. 72, Sep 74 432 -MHz s s b converter 

P-

Speech c l ipping K 6 J C P. 48, Jan 70 
K 6 K A p. 24, Ap r 69 Short circuit P- 79, Jun 70 

Speech c l ipp ing in s ingle-s ideband equ ipment 432 -MHz ssb, practical approach to 
K1YZW p. 22, Feb 71 W A 2 F S Q P . 6, Jun 7 1 

Speech p roces s i ng 1296-MHz s s b transceiver 
W 1 D T Y p. 60, Jun 68 W A 6 U A M P. . 8, Sep 74 

Speech process ing, pr inciples of 
Z L 1 B N p. 28, Feb 75 
Added notes p. 75, M a y 75; 

Speech processor for s s b 
p. 64, Nov 75 television 

K 6 P H T p. 22, Apr 70 
Speech process, logar ithmic Camera and monitor, s s tv 

WA3F IY p. 38, Jan 70 VE3EGO, Wa t s on P- 38, Apr 69 
Speech processor, s s b Color tv, s low-scan 

V K 9 G N p. 31, Dec 71 W 4 U M F , W B 8 D Q T P 59, Dec 69 
Speech splatter on s ing le s ideband 

Sep 
Computer, process ing, sstv pictures 

W 4 M B p. 28, Sep 75 W 4 U M F p. 30, Jul 70 
S s b exciter, 5-band Fast-scan camera converter for s s tv 

K 1 U K X p. 10, M a r 68 W A 9 U H V P- 22, Jul 74 
S s b generator, phasing-type Fast- to s low-scan convers ion, tv 

W 7 C M J p. 22, Ap r 73 W3EFG, W 3 Y Z C P. 32, Jul 71 
Added c o m m e n t s (letter) p. 65, Nov 73 Frequency-selective and sensit ivity 

S s b generator, 9 - M H z controlled s s tv p reamp 
W 9 K I T p. 6. Dec 70 D K I B F P- 36, Nov 75 

Swi tch ing and linear amplif ication S low-scan television 
W 3 F Q J p. 61. Oct 71 W A 2 E M C p. 52, Dec 69 

Transceiver, miniature 7 -MHz S ync generator. IC, for ATV 
W 7 B B X p. 16, Jul 74 W 0 K G I P- 34, Jul 75 

Transceiver, s ingle-band s s b 
p. 16, 

S y n c h generator, sstv (letter) 
73, Apr 73 W 1 D T Y p. 8, Jun 69 W 1 I A P- 73, Apr 73 W 1 D T Y 69 

Televis ion D X 
Transceiver, s sb, IC 

G3ZVC 
Circuit change (letter) 

p. 34. 
p. 62, 

A u g 
Sep 

74 
75 

W A 9 R A Q 
Test generator, sstv 

K 4 E E U 

p. 30, A u g 73 

P. 6, Jul 73 
Transceiver, s sb, u s ing L M 3 7 3 IC 

W 5 B A A p. 32, Nov 73 
Transceiver, 3.5-MHz s s b 

V E 6 A B X p. 6, Mar 73 transmitters and 
Transmitter a l i gnment 

Allen p. 62. Oct 69 power amplifiers 
Transmitter and receiver for 40 meters, SSD 

V E 3 G S D 
Short circuit 

p- 6, 
p. 62, 

M a r 
Dec 

74 
74 general 

Transmitter, phas ing-type s s b 
W A 0 J Y K p. 8, Jun 75 

Ampl i tude modulation, a different approach 
W A 5 S N Z p. 50, Feb 70 

Transmitt ing mixers, 6 and 2 meters 
Apr 69 

Batteries, how to select for portable 
K 2 I S P p. a, Apr 69 equ ipment 

Transverter, 6-meter 
p. 44, Dec 

W A 0 A I K P- 40, A u g 73 
K8DOC, K 8 T V P p. 44, Dec 68 Blower maintenance (HN) 

P-

Trapezoidal monitor scope W 6 N I F P- 71, Feb 71 
V E 3 C U S p. 22, Dec 69 Blower-to-chassis adapter (HN) 

TTL ICs, us ing in s s b equipment K6JYO P- 73, Feb 71 
G4AOJ p. 18. Nov 75 Convert ing a m power amplif iers to 

Tun ing up s s b transmitters s s b service 
Allen p, 62, Nov 69 W A 4 G N W P- 55, Sep 68 

TV sweep tubes in linear service, Efficiency of linear power amplifiers. 
full-blast operation of how to compare 
W6SA I , W 6 U O V p. 9, Apr 68 W5JJ P- 64, Jul 73 

Two-tone oscillator for s s b testing Electronic bias switching for linear 
W 6 G X N p. 11. Apr 72 amplif iers 

V a cuum tubes, u s i n g odd-ball types in W 6 V F R P- 50, Ma r 75 
linear amplif ier service Fail-safe timer, transmitter (HN) 
W5JJ p. 58, Sep 72 K 9 H V W P. 72, Oct 74 

Vhf, uhf transverter, input source for (HN) Filters, s s b (HN) 
F 8 M K p. 69, S ep 70 K 6 K A P- 63, Nov 73 

Vox and mox s y s t ems for s sb Frequency multipliers 
Belt p. 24, Oct 68 W 6 G X N P. 6, A u g 71 
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Frequency translation in s sb 
Transmitters 
Belt p. 22, Sep 68 

Grid-current measurement in 
grounded-grid amplifiers 
W6SA I p. 64, A u g 68 

Intermittent voice operation of power 
tubes 
W6SA I p. 24, Jan 71 

Key and vox clicks (HN) 
K6KA p. 74, A u g 72 

Linear power amplifiers 
Belt p. 16, Apr 68 

Lowpass filters for solid-state linear amplifiers 
W A 0 J Y K p. 38, Mar 74 
Short circuit p. 62, Dec 74 

Multiple tubes in parallel g round ing grid (HN) 
W 7 C S D p. 60, A u g 71 

Networks, transmitter matching 
W6FFC p. 6, Jan 73 

Neutralizing tip (HN) 
ZE6JP p. 69, Dec 72 

Parasitic oscil lations in high-power 
transistor rf amplifiers 
W 0 K G I p. 54, Sep 70 

Parasitic suppres so r (HN) 
W A 9 J M Y p. 80, Apr 70 

Pi and Pi-L networks 
W 6 S A I p. 36. Nov 68 

Pi network des ign aid 
W6N I F p. 62, May 74 
Correction (letter) p. 58, Dec 74 

Pi-network design, high-frequency 
power amplifier 
W6FFC p. 6, Sep 72 

Pi-network inductors (letter) 
W7IV p. 78, Dec 72 

Pi networks, series tuned 
W 2 E G H p. 42, Oct 71 

Power attenuator, all-band 10-dB 
K1CCL p. 68, Apr 70 

Power fets 
W3FQJ p. 34, Apr 71 

Power tube open filament pins (HN) 
W 9 K N I p. 69, Apr 75 

Pre-emphasis for s sb transmitters 
O H 2 C D p. 38, Feb 72 

Relay activator (HN) 
K6KA p. 62, Sep 71 

Rf power amplifiers, high-efficiency 
W B 8 L Q K p. 8, Oct 74 

Rf power transistors, how to use 
W A 7 K R E p. 8, Jan 70 

Screen clamp, solid-state 
W 0 L R W p. 44, Sep 68 

Step-start circuit, high-voltage (HN) 
W6VFR p. 64, Sep 71 

Swr a larm circuits 
W2EEY p. 73, Apr 70 

Temperature a larms for high-power amplifiers 
W2EEY p. 48, Jul 70 

Transmitter power levels, some 
observations regarding 
W A 5 S N Z p. 62, Apr 71 

Transmitter, remote keying (HN) 
W A 3 H D U p. 74, Oct 69 

Transmitter switching, solid-state 
W 2 E E Y p. 44, Jun 68 

Transmitter-tuning unit for the blind 
W 9 N T P p. 60, Jun 71 

TV sweep tubes in linear service, 
full-blast operation of 
W6SAI , W 6 U O V p. 9, Apr 68 

Vacuum tubes, u s i ng odd-ball types in 
linear amplifiers 
W5JJ p. 58, Sep 72 

Vfo, digital readout 
W B 8 I F M p. 14, J an 73 

high-frequency 
transmitters 
ART-13, Modify ing for noiseless CW (HN) 

K 5 G K N p. 68, Aug 69 
CW transceiver for 40 and 80 meters 

W 3 N N L , K 3 0 I 0 p. 14, Jul 69 
CW transceiver, low-power 20-meter 

W7ZOI p. 8, Nov 74 
CW transmitter, half-watt 

K 0 V Q Y p. 69, Nov 69 
Driver and final for 40 and 80 meters, 

solid-state 
W 3 Q B O p. 20, Feb 72 

Field-effect transistor transmitters 
K 2BLA p. 30, Feb 71 

Filters, low-pass for 10 and 15 meters 
W 2 E E Y p. 42, Jan 72 

Frequency synthesizer, high frequency 
K2BLA p. 16, Oct 72 

Grounded-grid 2 kW P E P amplifier, 
high frequency 
W 6 S A I p. 6, Feb 69 

Heath HW-101 transceiver, us ing with 
a separate receiver (HN) 
W A 1 M K P p. 63, Oct 73 

Linear amplifier, five-band 
W7 IV p. 30, Mar 70 

Linear amplifier, five-band conduction-cooled 
W9K IT p. 6, Jul 72 

Linear amplifier performance, improving 
W4PS J p. 68, Oct 71 

Linear amplifier, 100-watt 
W6WR p. 28, Dec 75 

Linear, five-band hf 
W7D I p. 6, Ma r 72 

Linear, five-band kilowatt 
W40Q p. 14, Jan 74 
Improved operation (letter) p. 59, Dec 74 

Linear for 80-10 meters, high-power 
W 6 H H N p. 56, Apr 71 
Short circuit p. 96, Dec 71 

Linear power amplifier, high-power 
solid-state 
Chambers p. 6, Aug 74 

Linears, three bands with two (HN) 
W4NJF p. 70, Nov 69 

Low-frequency transmitter, solid-
state 
W 4 K A E p. 16, Nov 68 

Lowpass filter, high-frequency 
W 2 0 L U p. 24, Mar 75 
Short circuit p. 59, Jun 75 

Modify ing the Heath SB-200 amplifier for 
the new 8873 zero-bias triode 
W6UOV p. 32, Jan 71 

Phase-locked loop, 28 M H z 
W 1 K N I p. 40, Jan 73 

Q R P fet transmitter, 80-meter 
W3FQJ p. 50, Aug 75 

S s b exciter, 5-band 
K 1 U K X p. 10, Mar 68 

S s b transceiver, miniature 7-MHz 
W 7 B B X p. 16, Jul 74 

S s b transceiver us ing LM373 IC 
W 5 B A A p. 32, Nov 73 

S s b transceiver, 9-MHz, IC 
G3ZVC p. 34, Aug 74 
Circuit change (letter) p. 62, Sep 75 

S s b transmitter and receiver, 40 meters 
V E 3 G S D p. 6, Ma r 74 
Short circuit p. 62, Dec 74 

S s b transmitter, phas ing type 
W A 0 J Y K p. 8, Jun 75 

Tank circuit, inductively-tuned high-frequency 
W 6 S A I p. 6, Jut 70 

Transceiver, single-band s s b 
W 1 D T Y p. 8, Jun 69 

Transceiver, 3.5-MHz s s b 
V E 6 A B X p. 6, Mar 73 
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Transmitter, low-power 
W6NIF P- 26, Dec 70 

Transmitters, QRP 
W70E P- 36, Dec 68 

Transmitter, universal flea-power 
K2ZSQ P- 58, Apr 69 

Transverter, high-level hf 
K4ERO P- 68, Jul 68 

3-500Z in amateur service, the 
W6SAI P- 56, Mar 68 

14-MHz vfo transmitter, solid-state 
W3QBO P 6, Nov 73 

28-MHz transmitter, solid-state 
K2ZSQ P- 10, Jul 68 

40-meters, transistor rig for 
W6BLZ, K5GXR P- 44, Jul 68 

160-meters, 500-watt power amplifier 
W2BP P- 8, Aug 75 

vhf and uhf transmitters 
Converting the Swan 120 to two meters 

K6RIL p. 8, May 68 
Fm repeater transmitter, improving 

W6GDO p. 24, Oct 69 
Linear for 2 meters 

W4KAE p. 47, Jan 69 
Linear for 1296 MHz, high-power 

WB6IOM p. 8, Aug 68 
Phase-locked loop, 50 MHz 

W1KNI p. 40, Jan 73 
Transistors for vhf transmitters (HN) 

WIOOP p. 74, Sep 69 
Transmitter, flea power 

K2ZSQ p. 80, Dec 68 
Transmitting mixers for 6 and 2 meters 

K2ISP p. 8, Apr 69 
Transverter for 6 meters 

WA9IGU p. 44, Jul 69 
Tunnel diode phone rig, 6-meter (HN) 

K2ZSQ p. 74, Jul 68 
Vhf linear, 2kW, design data for 

W6UOV p. 6, Mar 69 
50-MHz kilowatt, inductively tuned 

K1DPP p. 8. Sep 75 
50-MHz linear amplifier 

K1RAK p. 38, Nov 71 
50-MHz linear amplifier, 2-kW 

W6UOV p. 16, Feb 71 
50-MHz linear, inductively tuned 

W6SAI p. 6, Jul 70 
50-MHz transmitter, solid-state 

WB2EGZ p. 6, Oct 68 
50-MHz transverter 

K1RAK p. 12, Mar 71 
50/144-MHz multimode transmitter 

K2ISP p. 28, Sep 70 
144-MHz fm transmitter 

W9SEK p. 6, Apr 72 
144-MHz fm transmitter, solid-state 

W6AJF p. 14, Jul 71 
144-MHz fm transmitter, Sonobaby 

WA0UZO p. 8, Oct 71 
Short circuit p. 96, Dec 71 
Crystal deck for p. 26, Oct 72 

144-MHz low-drive kilowatt linear 
W6HHN p. 26, Jul 70 

144-MHz low-power solid-state transmitter 
K0VQY p. 52, Mar 70 

144-MHz phase-modulated transmitter 
W6AJF p. 18, Feb 70 

144-MHz power amplifier, high performance 
W6UOV p. 22, Aug 71 

144-MHz power amplifier, 10-watt solid-state 
W1DTY p. 67, Jan 74 

144-MHz rf power amplifiers, solid state 
W4CGC p. 6, Apr 73 

144-MHz transmitting converter, solid-state ssb 
W6NBI p. 6, Feb 74 
Short circuit p. 62, Dec 74 

144-MHz transceiver, a-m 
K1AOB p. 55, Dec 71 

144-MHz two-kilowatt linear 
W6UOV, W6ZO, K6DC p. 26, Apr 70 

144- and 432- stripline amplifier/tripler 
K2RIW p. 6, Feb 70 

220-MHz exciter 
WB6DJV p. 50, Nov 71 

220-MHz power amplifier 
W6UOV p. 44, Dec 71 

220-MHz, rf power amplifier for 
WB6DJV p. 44, Jan 71 

220-MHz rf power amplifier, vhf fm 
K7JUE p. 6, Sep 73 

432-MHz amplifier, 2-kW 
W6DAI, W6NLZ p. 6, Sep 68 

432-MHz exciter, solid-state 
WIOOP p. 38, Oct 69 

432-MHz rf power amplifier 
K6JC p. 40, Apr 70 

432-MHz solid-state linear amplifier 
WB6QXF p. 30, Aug 75 

432-MHz ssb converter 
K6JC p. 48, Jan 70 
Short circuit p. 79, Jun 70 

432-MHz 100-watt solid-state power amplifier 
WA7CNP p. 36, Sep 75 

1296-MHz frequency tripler 
K4SUM, W4API p. 40, Sep 69 

1296-MHz power amplifier 
W2COH, W2CCY, W20J, 
W1MU p. 43, Mar 70 

2304-MHz power amplifier 
WA9HUV p. 8, Feb 75 

transmitters and 
power amplifiers, 
test and troubleshooting 
Aligning vhf transmitters 

Allen p. 58, Sep 68 
Ssb transmitter alignment 

Allen p. 62. Oct 69 
Transverter, 6-meter 

K8DOC, K8TVP p. 44, Dec 68 
Tuning up ssb transmitters 

Allen p. 62, Nov 69 

troubleshooting 
Analyzing wrong dc voltages 

Allen p. 54, Feb 69 
Audio distortion, curing in speech 

amplifiers 
Allen p. 42, Aug 70 

Dc-dc converters, curing trouble in 
Allen p. 56, Jun 70 

Fets, troubleshooting around 
Allen p. 42, Oct 68 

High-voltage troubleshooting 
Allen p. 52, Aug 68 

Mobile power supplies, troubleshooting 
Allen p. 56, Jun 70 

Ohmmeter troubleshooting 
Allen p. 52, Jan 69 

Oscillators, repairing 
Allen p. 69, Mar 70 

Oscilloscope, putting to work 
Allen p. 64, Sep 69 

Oscilloscope, troubleshooting amateur 
gear with 
Allen p. 52, Aug 69 

Receiver alignment 
Allen p. 64, Jun 68 

Receiver alignment techniques, vhf fm 
K4IPV p. 14, Aug 75 

Resistance measurement, troubleshooting by 
Allen p. 62, Nov 68 
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Rf and i-f amplifiers, troubleshooting 
Allen P- 60, Sep 70 

Signal injection testing in receivers 
Allen P- 72, May 68 

Signal tracing in amateur receivers 
Allen P- 52, Apr 68 

Speech amplifiers, curing distortion 
Allen P- 42, Aug 70 

S sb transmitter alignment 
Allen P- 62, Oct 69 

Sweep generator, how to use 
Allen P- 60, Apr 70 

Transistor amateur gear, troubleshooting 
Allen P. 64, Jul 68 

Transistor testing 
Allen P- 62, Jul 70 

Tuning up s sb transmitters 
Allen P- 62, Nov 69 

Vhf transmitters, aligning 
Allen P- 58, Sep 68 

vhf and microwave 
general 
Amateur vhf fm operation 

W6AYZ p. 36, Jun 68 
Artificial radio aurora, vhf 

scattering characteristics 
W B 6 K A P P- 18, Nov 74 

A-m modulation monitor (HN) 
K7UNL P- 67, Jul 71 

APX-6 transponder, notes on 
W 6 0 S A p. 32, Apr 68 

Band change from six to two meters, quick 
K 0 Y Q Y P- 64, Feb 70 

Bandpass filters, single-pole 
W6HPH P- 51, Sep 69 

Bandpass filters, 25 to 2500 MHz 
K6R IL P- 46, Sep 69 

Bypassing, rf, at vhf 
W B 6 B H I P- 50, Jan 72 

Cavity filter, 144-MHz 
W 1 S N N P- 22, Dec 73 
Short circuit P- 64, Mar 74 

Coaxial filter, vhf 
W6SAI P- 36, Aug 71 

Coaxial-line resonators (HN) 
WA7KRE P- 82, Apr 70 

Coil-winding data, practical vhf and uhf 
K3SVC P. 6, Apr 71 

Crystal mount, untuned 
W1DTY P- 68, Jun 68 

Effective radiated power (HN) 
VE7CB P. 72, May 73 

Frequency multipliers 
W6GXN P. 6, Aug 71 

Frequency multipliers, transistor 
W6AJF P- 49, Jun 70 

Frequency scaler, 500-MHz 
W6URH P- 32, Jun 75 

Frequency scalers, 1200-MHz 
WB9KEY P- 38, Feb 75 

Frequency synchronization for 
scatter-mode propagation 
K 2 0 V S P- 26, Sep 71 

Frequency synthesizer, 220 MHz 
W6GXN p. 8, Dec 74 

Gridded tubes, vhf/uhf effects in 
W6UOV P. B, Jan 69 

Harmonic generator (HN) 
W5GDQ P- 76, Oct 70 

Impedance bridge (HN) 
W6KZK P- 67, Feb 70 

Indicator, sensitive rf 
W B 9 D N I P- 38, Apr 73 

Klystron cooler, waveguide (HN) 
WA4WDL P. 74, Oct 74 

Lunar-path nomograph 
WA6NCT P- 28, Oct 70 

Microwave communications, amateur 
standards for 
K6HIJ P- 54, Sep 69 

Microwave hybrids and couplers for amateur use 
W2CTK P 57, Jul 70 
Short circuit p. 72, Dec 70 

Microwaves, getting started in 
Roubal P- 53, Jun 72 

Microwaves, introduction to 
W1CBY P- 20, Jan 72 

Moonbounce to Australia 
W1DTY P- 85, Apr 68 

Noise figure, meaning of 
K6M IO p. 26, Mar 69 

Noise figure measurements, vhf 
W B 6 N M T P- 36, Jun 72 

Noise generators, using (HN) 
K2ZSQ P- 79, Aug 68 

Phase-locked loop, tunable 50 MHz 
W1KN I P- 40, Jan 73 

Power dividers and hybrids 
W1DAX P- 30, Aug 72 

Proportional temperature control for crystal 
ovens 
VE5FP P- 44, Jan 70 

Radio observatory, vhf 
Ham P- 44, Jul 74 

Reflex klystrons, pogo stick for (HN) 
W 6 B P K P- 71, Jul 73 

Rf power-detecting devices 
K6JYO P- 28, Jun 70 

Satellite communications 
K1TMA P- 52, Nov 72 
Added notes (letter) P- 73, Apr 73 

Satellite signal polarization 
73, Apr 73 

KH6IJ P . 6, Dec 72 
Solar cycle 20, vhfer's view of 

P 

WA5IYX P- 46, Dec 74 
Tank circuits, design of vhf 

P-

K7UNL P- 56, Nov 70 
Uhf hardware (HN) 

W6CMQ P- 76, Oct 70 
Vfo, high-stability vhf 

OH2CD P- 27, Jan 72 
Vhf beacons 

K6EDX P- 52, Oct 69 
Vhf beacons 

W3FQJ P- 66, Dec 71 
50-MHz frequency synthesizer 

W1KN I P- 26, Mar 74 
144-MHz fm frequency meter 

P-

W4JAZ P- 40, Jan 71 
Short circuit P- 72, Apr 71 

144-MHz frequency synthesizer 
72, Apr 71 

WB4FPK P. 34, Jul 73 
144-MHz frequency-synthesizer, one-

crystal 
W 0 K M V P- 30, Sep 73 

220-MHz frequency synthesizer 
30, Sep 73 

W6GXN p . 8, Dec 74 
432-MHz ssb, practical approach to 

WA2FSQ P . 6, Jun 71 
1296-MHz microstripline bandpass filters 

WA6UAM p. 46, Dec 75 
40-GHz record 

p. 

K7PMY P- 70, Dec 68 

vhf and microwave 
antennas 
Circularly-polarized ground-plane 

antenna for satellite communications 
K4GSX p. 28, Dec 74 

Ground plane, portable vhf (HN) 
K9DHD p. 71. May 73 

Log-periodic yagi beam antenna 
K6RIL, W6SA I p. 8, Jul 69 
Correction p. 68, Feb 70 

Microstrip swr bridge, vhf and uhf 
W4CGC p. 22, Dec 72 
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Microwave antenna, low-cost 
K6HIJ p. 52, Nov 69 

Parabolic reflector antennas 
VK3ATN p. 12, May 74 

Parabolic reflector element spacing 
WA9HUV p. 28, May 75 

Parabolic reflector gain 
W2TQK p. 50, Jul 75 

Parabolic reflector, 16-foot homebrew 
WB6IOM p. 8, Aug 69 

Parabolic reflectors, finding 
focal length of (HN) 
WA4WOL p. 57, Mar 74 

Swr meter 
W6VSV p. 6, Oct 70 

Transmission lines, uhf 
WA2VTR p. 36, May 71 

Two-meter antenna, simple (HN) 
W6BLZ p. 78, Aug 68 

Two-meter mobile antennas 
W6BLZ p. 76. May 68 

Vhf antenna switching without relays (HN) 
K2ZSQ p. 77, Sep 68 

10 GHz dielectric antenna (HN) 
WA4WDL p. 80, May 75 

50-MHz antenna coupler 
K1RAK p. 44, Jul 71 

50-MHz collinear beam 
K4ERO p. 59, Nov 69 

50-MHz cubical quad, economy 
W6DOR p. 50, Apr 69 

50-MHz J-pole antenna 
K4SDY p. 48, Aug 68 

50-MHz mobile antenna (HN) 
W4PSJ p. 77, Oct 70 

144-MHz antenna, % wave vertical 
K6KLO p. 40, Jul 74 

144-MHz antenna, %-wave vertical, 
build from CB mobile whips 
WB4WSU p. 67, Jun 74 

144-MHz antennas, simple 
WA3NFW p. 30, May 73 

144-MHz antenna switch, solid-state 
K2ZSQ p. 48, May 69 

144-MHz collinear antenna 
W6RJO p. 12, May 72 

144-MHz four-element collinear array 
WB6KGF p. 6, May 71 

144-MHz ground plane antenna, 0.7 
wavelength 
W3WZA p. 40, Mar 69 

144-MHz moonbounce antenna 
K6HCP p. 52, May 70 

144-MHz whip, 5/8-wave (HN) 
VE3DDD p. 70, Apr 73 

432-MHz corner reflector antenna 
WA2FSQ p. 24, Nov 71 

432-MHz OSCAR antenna (HN) 
W1JAA p. 58, Jul 75 

432- and 1296-MHz quad-yagi arrays 
W3AED p. 20, May 73 
Short circuit p. 58, Dec 73 

440-MHz collinear antenna, four-element 
WA6HTP p. 38, May 73 

1296-MHz Yagi 
W2CQH p. 24, May 72 

1296-MHz Yagi array 
W3AED p. 40, May 75 

vhf and microwave 
receivers and converters 
Audio filter, tunable, for weak-signal 

communications 
K6HCP p. 28, Nov 75 

Cooled preamplifier for vhf-uhf reception 
WA0RDX p. 36, Jul 72 

Fet converters for 50, 144, 220 and 
432 MHz 
W6AJF p. 20, Mar 68 

Interdigital preamplifier and comb-line 
bandpass filter for vhf and uhf 
W6KHT p. 6, Aug 70 

Noise figure, sensitivity and dynamic range 
W1DTY p. 8, Oct 75 

Noise figure, vhf, estimating 
WA9HUV p. 42, Jun 75 

Overload problems with vhf converters, 
solving 
WIOOP p. 53, Jan 73 

Receiver scanner, vhf 
K2LZG p. 22, Feb 73 

Receiver, superregenerative, for vhf 
WA5SNZ p. 22, Jul 73 

Signal detection and communication 
in the presence of white noise 
WB6IOM p. 16, Feb 69 

Signal generator for two and six meters 
WA80IK p. 54, Nov 69 

Single-frequency conversion, vhf/uhf 
W3FQJ p. 62, Apr 75 

Vhf converter performance, 
optimizing (HN) 
K2ZSQ p. 18, Jul 68 

Weak-signal source, stable, variable output 
K6JYO p. 36, Sep 71 

Weak-signal source, 144 and 432 MHz 
K6JC p. 58, Mar 70 

Weak-signal source, 432 and 1296 MHz 
K6RIL p. 20, Sep 68 

28-30 MHz low-noise preamp 
W1JAA p. 48. Oct 75 

50-MHz deluxe mosfet converter 
WB2EGZ p. 41, Feb 71 

50-MHz etched-inductance bandpass filters 
and filter-preamplifiers 
W5KHT p. 6, Feb 71 

50-MHz mosfet converter 
WB2EGZ p. 22, Jun 68 
Short circuit p. 34, Aug 68 

50-MHz preamplifier, improved 
WA2GCF p. 46, Jan 73 

144-MHz converter (HN) 
K0VQY p. 71. Aug 70 

144-MHz converter, 1.5 dB noise figure 
WA6SXC p. 14, Jul 68 

144-MHz converters, choosing fets (HN) 
K6JYO p. 70, Aug 69 

144-MHz deluxe mosfet converter 
WB2EGZ p. 41, Feb 71 
Short circuit p. 96, Dec 71 
Letter, W0LER p. 71, Oct 71 

144-MHz etched-inductance bandpass 
filters and filter-preamplifiers 
W5KHT p. 6, Feb 71 

144-MHz fm receiver 
W9SEK p. 22, Sep 70 

144-MHz fm receiver 
WA2GBF p. 42, Feb 72 
Added notes p. 73, Jul 72 

144-MHz fm receiver 
WA2GCF p. 6, Nov 72 

144-MHz preamplifier, improved 
WA2GCF p. 25, Mar 72 

144-MHz preamplifier, low noise 
W8BBB p. 36, Jun 74 

144-MHz preamp, super (HN) 
K6HCP p. 72, Oct 69 

144-MHz preamp, MM5000 
W4KAE p. 49, Oct 68 

220-MHz mosfet converter 
WB2EGZ p. 28, Jan 69 
Short circuit p. 76, Jul 69 

432-MHz converter, low-noise 
K6JC p. 34. Oct 70 

432-MHz fet converter, low-noise 
WA6SXC p. 18, May 68 

432-MHz fet preamp (HN) 
W1DTY p. 66, Aug 69 
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432 MHz preamplifier and converter 
WA2GCF p. 40, Jul 75 

432-MHz preamplifier, ultra low-noise 
W1JAA p. 8, Mar 75 

1296-MHz converter, solid state 
VK4ZT p. 6, Nov 70 

1296 MHz, double-balanced mixers for 
WA6UAM p. 8, Jul 75 

1296-MHz noise generator 
W 3 B S V p. 46, Aug 73 

1296-MHz preamplifier 
WA6UAM p. 42, Oct 75 

1296-MHz preamplifier, low-noise 
transistor 
WA2VTR p. 50, Jun 71 
Added note (letter) p. 65, Jan 72 

1296-MHz preamplifiers, microstripline 
WA6UAM p. 12, Apr 75 

1296-MHz ssb transceiver 
WA6UAM p. 8, Sep 74 

2304-MHz balanced mixer 
WA2ZZF p. 58, Oct 75 

2304-MHz converter, solid-state 
K2JNG, WA2LTM, WA2VTR p. 16, Mar 72 

2304-MHz preamplifier, solid-state 
WA2VTR p. 20, Aug 72 

2304-MHz preamplifiers, narrow-band 
solid-state 
WA9HUV p. 6, Jul 74 

vhf and microwave 
transmitters 
Aligning vhf transmitters 

Allen p. 58, Sep 68 
Converting the Swan 120 to two meters 

K6R IL p. 8, May 68 
External anode tetrodes 

W6SA I p. 23, Jun 69 
Inductively-tuned tank circuit 

W6SA I p. 6, Jul 70 
Lighthouse tubes for uhf 

W6UOV p. 27, Jun 69 
Pi networks, series-tuned 

W2EGH p. 42, Oct 71 
S sb input source for vhf, uhf transverters (HN) 

F8MK p. 69, Sep 70 
Transistors for vhf transmitters (HN) 

W I O O P p. 74, Sep 69 
Vhf linear, 2 kW, design data for 

W6UOV p. 7, Mar 69 
2C39, water cooling 

K6MYC p. 30, Jun 69 
50-MHz customized transverter 

K1RAK p. 12, Mar 71 
50-MHz heterodyne transmitting mixer 

K2 I SP p. 8, Apr 69 
Correction p. 76, Sep 70 

50-MHz kilowatt, inductively-tuned 
K1DPP p. 8, Sep 75 

50-MHz 2 kW linear amplifier 
W6UOV p. 16, Feb 71 

50-MHz linear amplifier 
K1RAK p. 38, Nov 71 

50-MHz multimode transmitter 
K2 I SP p. 28, Sep 70 

50-MHz transmitter, solid-state 
WB2EGZ p. 6, Oct 68 

50-MHz transverter 
K8DOC, K8TVP p. 44, Dec 68 

50-MHz transverter 
WA9 IGU p. 44, Jul 69 

50-MHz tunnel-diode phone rig 
K2ZSQ p. 74, Jul 68 

144-MHz fm transceiver, compact 
W6AOI p. 36, Jan 74 

144-MHz fm transmitter 
W6AJF p. 14, Jul 71 

144-MHz fm transmitter 
W 9 S E K p. 6, Apr 72 

144-MHz fm transmitter, Sonobaby 
W A 0 U Z O p. 8, Oct 72 
Crystal deck for Sonobaby p. 26, Oct 72 

144-MHz heterodyne transmitting mixers 
K2 I SP p. 8, Apr 69 
Correction p. 76, Sep 70 

144-MHz linear 
W4KAE p. 47, Jan 69 

144-MHz linear, 2kW, design data for 
W6UOV p. 7, Mar 69 

144-MHz low-drive kilowatt linear 
W 6 H H N p. 26, Jul 70 

144-MHz multimode transmitter 
K2 I SP p. 28, Sep 70 

144-MHz phase-modulated transmitter 
W6AJF p. 18, Feb 70 

144-MHz power amplifier, high 
performance 
W6UOV p. 22, Aug 71 

144-MHz power amplifiers, fm 
W4CGC p. 6, Apr 73 

144-MHz power amplifier, 10-watt 
solid-state (HN) 
W1DTY p. 67, Jan 74 

144-MHz power amplifier, 80-watt, solid-state 
Hatchett p. 6, Dec 73 

144-MHz transceiver, a-m 
K1AOB p. 55, Dec 71 

144-MHz transmitting converter, solid-state ssb 
W6NB I p. 6, Feb 74 
Short circuit p. 62, Dec 74 

144-MHz transverter 
K1RAK p. 24, Feb 72 

144-MHz two-kilowatt linear 
W6UOV, W6ZO, K6DC p. 26, Apr 70 

144- and 432-MHz stripline amplifier/tripler 
K2RIW p. 6, Feb 70 

220-MHz exciter 
WB6DJV p. 50, Nov 71 

220-MHz power amplifier 
W6UOV p. 44, Dec 71 

220-MHz rf power amplifier 
WB6DJV p. 44, Jan 71 

220-MHz rf power amplifier, fm 
K7JUE p. 6, Sep 73 

432-MHz amplifier, 2-kW 
W6SAI, W6NLZ p. 6, Sep 68 

432-MHz exciter, solid-state 
W I O O P p. 38, Oct 69 

432-MHz rf power amplifier 
K6JC p. 40, Apr 70 

432-MHz solid-state linear amplifier 
W B 6 Q X F p. 30, Aug 75 

432-MHz s sb converter 
K6JC p. 48, Jan 70 
Short circuit p. 79, Jun 70 

432-MHz ssb, practical approach 
WA2FSQ p. 6, Jun 71 

432-MHz stripline tripler 
K2RIW p. 6, Feb 70 

432-MHz 100-watt solid-state power 
amplifier 
W A 7 C N P p. 36, Sep 75 

1152- to 2304-MHz power doubler 
WA9HUV p. 40, Dec 75 

1296-MHz frequency tripler 
K4SUM, W4API p. 40, Sep 69 

1296-MHz linear, high-power 
WB6 IOM p. 6, Aug 68 
Short circuit p. 54, Nov 68 

1296-MHz power amplifier 
W2COH, W2CCY, W20J, 
W 1 I M U p. 43, Mar 70 

1296-MHz ssb transceiver 
WA6UAM p. 8, Sep 74 

2304-MHz power amplifier 
WA9HUV p. 8, Feb 75 
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